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STEAM  POWER  PLANT 
ENGINEERING. 


CHAPTER  I. 

ELEMENTARY  STEAM  POWER  PLANTS. 

1.  General.  —  The  fundamental  object  of  any  power  plant  is  the 
conversion  of  energy  from  one  form  into  another  at  the  least  ultimate 
cost.  This  involves  not  only  the  cost  of  converting  the  energy  into  the 
desired  form,  but  also  the  cost  of  distribution  and  application. 

The  most  efficient  plant,  thermally,  in  the  conversion  of  energy 
from  one  form  to  another,  is  not  necessarily  the  most  economical  com- 
mercially, since  the  various  items  involved  in  effecting  this  conversion 
may  more  than  offset  the  gain  over  a  less  efficient  plant.  There  is  no 
question  as  to  the  low  cost  of  power  generated  by  hydro-electric  plants, 
but  when  the  cost  of  transmission  and  the  overhead  charges  are  taken 
into  consideration  the  economy  is  not  so  evident  and  may  be  com- 
pletely neutralized.  From  a'  purely  thermal  standpoint,  and  as  a 
means  of  conserving  our  natural  resources,  the  producer-gas-electric 
plant  is  vastly  superior  to  the  ordinary  steam-electric  plant  for  power 
purposes,  but  the  fuel  item  is  only  one  of  the  many  involved  in  the 
total  cost.  It  is  the  commercial  efficiency  which  enables  the  steam 
power  plant,%with  its  extravagant  waste  of  fuel,  to  compete  successfully 
with  the  gas  producer,  internal-combustion  engine  and  hydro-electric 
plant. 

A  station  which  distributes  power  to  a  number  of  consumers  more 
or  less  distant,  is  called  a  Central  Station.  When  the  distances  are 
very  great,  electrical  current  of  high  tension  is  frequently  employed, 
And  is  transformed  and  distributed  at  convenient  points  through  Sub- 
dations.  A  plant  designed  to  furnish  power  or  heat  to  a  building  or  a 
group  of  buildings  under  one  management  is  called  an  Isolated  Station. 
For  example,  the  power  plant  of  an  office  building  is  usually  called  an 
isolated  station. 

When  the  exhaust  steam  from  the  engines  is  dischai 

mately  atmospheric  pressure    the  plant  is  said  to  be 
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s  condensed,  reducing  the  back 
i  thus  formed,  the  plant 


condensing.  When  the  exhaust  steam  i 
pressure  on  the  piston  by  the  partial  1 
\n  said  to  operate  condensing. 

When  the  exhaust  steam  may  be  used  for  manufacturing,  heating,  or 
other  useful  purposes,  as  is  frequently  the  case  in  various  manufac- 
turing establishments,  and  in  large  office  buildings,  it  is  usually  more 
economical  to  run  non-condensing,  while  power  plants  for  electric 
lighting  and  power,  pumping  stations,  air-compressor  plants,  and  others, 
in  which  the  load  is  fairly  constant  and  the  exhaust  steam  is  not  re- 
quired for  heating,  are  generally  operated  condensing. 


FlO.  1.     Elementary  Non-Condensing  Plant. 

I.  Elementary  Non-condensing  Plant.  —  Fig.  1  gives  a  diagrammatic 

outline  of  the  essential  elements  of  the  simplest  form  of  steam  power 
plant.  The  equipment  is  complete  in  every  respect  and  embodies  all 
the  accessories  necessary  for  successful  operation.  Where  a  small 
amount  of  power  is  desired  at  intermittent  periods,  as  in  hoisting 
systems,  threshing  outfits  and  traction  machinery,  the  arrangement  is 
substantially  as  illustrated.  The  output  in  these  cases  seldom  exceeds 
■rt0  horse  power  and  the  time  of  operation  is  usually  short,  so  the  cheapest 
of  appliances  are  installed,  suuulicity  and  low  first  cost  being  more  im- 
portant than  economy  of 
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Such  a  plant  has  three  essential  elements:  (1)  The  furnace,  (2)  the 
boiler,  and  (3)  the  engine.  Fuel  is  fed  into  the  furnace,  where  it  is 
burned.  A  portion  of  the  heat  liberated  from  the  fuel  by  combustion 
is  absorbed  by  the  water  in  the  boiler,  converting  it  into  steam  under 
pressure.  The  steam  being  admitted  to  the  cylinder  of  the  engine  does 
work  upon  the  piston  and  is  then  exhausted  through  a  suitable  pipe 
to  the  atmosphere.  The  process  is  a  continuous  one,  fuel  and  water 
being  fed  into  the  furnace  and  the  boiler  in  proportion  to  the  power 
demanded. 

In  such  an  elementary  plant,  certain  accessories  are  necessary  for 
successful  operation.     The  grate  for  supporting  the  fuel  during  com- 
bustion consists  of  a  cast-iron  grid  or  of  a  number  of  cast-iron  bars 
spaced  in  such  a  manner  as  to  permit  the  passage  of  air  through  the 
fuel  from  below.    The  solid  waste  products  fall  through  or  are  "sliced" 
through  the  grate  bars  into  the  ash  pit,  from  which  they  may  Ix*  re- 
moved through  the  ash  door.    The  latter  acts  also  as  a  means  of  regu- 
lating the  supply  of  air  below  the  grate.     Fuel  is  fed  into  the  furnace 
through  the  fire  door,  and  when  occasion  demands,  air  may  be  supplied 
above  the  bed  of  fuel  by  means  of  this  door.     The  combustion  chamber 
is  the  space  between  the  bed  of  fuel  and  the  boiler  heating  surface,  its 
office  being  to  afford  a  space  for  the  oxidation  of  the  combustible  gases 
from  the  solid  fuel  before  they  are  cooled  below  ignition  temperature  by 
the  comparatively  cool  surfaces  of  the  boiler.     The  chimney  or  stack 
discharges  the  products  of  combustion  into  the  atmosphere  and  serves 
to  create  the  draft  necessary  to  draw  the  air  through  the  bed  of  fuel. 
Various  forced-draft  appliances  are  sometimes  used  to  assist  or  to  en- 
tirely replace  the  chimney.     The  heating  surface  is  that  portion  of  the 
boiler  area  which  comes  into  contact  writh  the  hot  furnace  gases,  absorbs 
the  heat  and  transmits  it  to  the  water.     In  the  small  plant  illustrated 
in  Fig.  1,  the  major  portion  of  the  heating  surface  is  composed  of  a 
number  of  fire  tubes  below  the  water  line,  through  which  the  heated 
gases  pass.     The  superheating  surface  is  that  portion  of  the  heating 
surface  which  is  in  contact  with  the  heated  gases  of  combustion  on  one. 
side  and  steam  on  the  other.     The  volume  above  the  water  level  is 
called  the  steam  space.     Water  is  forced  into  the  boilers  either  by  a 
feed  pump  or  an  injector.     In  small  plants  of  the  type  considered,  steam 
pumps  are  seldom  employed;   the  injector  answers  the  purpose  and  is 
considerably  cheaper.    A  safety  valve  connected  to  the  steam  space  of 
the  boiler  automatically  permits  steam  to  escape  to  the  atmosphere  if 
an  excessive  pressure  is  reached.     The  water  level  is  indicated  l>y  try 
cocks  or  by  a  gauge  glass,  the  top  of  which  is  connected  with  the  steam 
space  and  the  bottom  with  the  water  space.     Try  cocks  are  small  valves 
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placed  in  the  water  column  or  boiler  shell,  one  at  normal  water  level, 
one  above  it,  and  one  below.  By  opening  the  valves  from  time  to 
time  the  water  level  is  approximately  ascertained.  They  are  ordinarily 
used  in  case  of  accident  to  the  gauge  glass.  Fusible  plugs  are  frequently 
inserted  in  the  boiler  shell  at  the  lowest  permissible  water  level.  They 
are  composed  of  an  alloy  having  a  low  fusing  point  which  melts  when 
in  contact  with  steam,  thus  giving  warning  by  the  blast  of  the  escaping 
steam  if  the  water  level  gets  dangerously  low.  The  blow-off  cock  is  a 
valve  fitted  to  the  lowest  part  of  the  boiler  to  drain  it  of  water  or  to 
discharge  the  sediment  which  deposits  in  the  bottom.  The  steam  out- 
let of  a  boiler  is  usually  called  the  steam  nozzle. 

The  essential  accessories  of  the  simple  steam  engine  include:  A 
throttle  valve  for  controlling  the  supply  of  steam  to  the  engine;  the 
governor,  which  regulates  the  speed  of  the  engine  by  governing  the 
steam  supply;  the  lubricator,  attached  to  the  steam  pipe,  which  is 
usually  of  the  "sight-feed"  class  and  provides  for  lubrication  of  piston 
and  valve.  Lubrication  of  the  various  bearings  is  effected  by  oil  cups 
suitably  located.  Drips  are  placed  wherever  a  water  pocket  is  apt  to 
form  in  order  that  the  condensation  may  be  drained.  The  apparatus 
to  be  driven  by  the  engine  may  be  direct  connected  to  the  crank  shaft 
or  belted  to  the  flywheel  or  geared. 

In  small  plants  of  this  type  no  attempt  is  made  to  utilize  the  exhaust 
steam  except  in  instances  where  the  stack  is  too  short  to  create  the 
necessary  draft,  in  which  case  the  exhaust  may  be  discharged  up  the 
stack.  If  the  draft  is  produced  by  convection  of  the  heated  gases  in 
the  chimney,  the  fuel  is  said  to  be  burned  under  natural  draft;  if  the 
natural  draft  is  assisted  by  the  exhaust  steam,  the  fuel  is  said  to  be 
burned  under  forced  draft.  The  power  realized  from  a  given  weight  of 
fuel  is  very  low  and  seldom  exceeds  2\  per  cent  of  the  heat  value  of  the 
fuel  The  distribution  of  the  various  losses  in  a  plant  of,  say,  40 
power  is  approximately  as  follows: 

B.T.U. 
vato  of  1  pound  of  coal      14,500 

furnace  losses,  50  per  cent 7/250 

,50  per  cent 7,250 

of  one  horse  power  hour 2,545 

toferelop  one  horse  power  hour  (50  pounds  steam  per 

;  pressure  80  pounds  gauge,  feed  water  62  degrees  F.)  57,500 

Per  cent. 

2  545 
i  the  iteam,  realized  as  work,  v^—-  ....  4.4 

*"*  ""*'  67W™0JBQ   2"2 
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In  Europe  small  non-condensing  plants  are  developed  to  a  high 
degree  of  efficiency.  Through  the  use  of  highly  superheated  steam, 
specially  designed  engines  and  boilers,  plants  of  this  type  as  small  as 
40  horse  power  are  operated  with  over-all  efficiencies  of  from  10  to  12 
per  cent. 

The  power  plant  of  the  modern  locomotive  is  very  much  like  that 
illusttated  in  Fig.  1,  the  main  difference  lying,  in  the  type  of  boiler  and 
engine.  The  entire  exhaust  from  the  engine  is  discharged  up  the 
stack  through  a  suitable  nozzle,  since  the  extreme  rate  of  combustion 
requires  an  intense  draft.  The  engine  is  a  highly  efficient  one  com- 
pared with  that  in  the  illustration,  and  the  performance  of  the  boiler 
is  more  economical.  In  average  locomotive  practice  about  6  per  cent 
of  the  heat  value  of  the  fuel  is  converted  into  mechanical  energy  at 
the  draw  bar.  In  general,  a  non-condensing  steam  plant  in  which  the 
heat  of  the  exhaust  is  wasted  is  very  uneconomical  of  fuel,  even 
under  the  most  favorable  conditions,  and  seldom  transforms  as  much 
as  7  per  cent  of  the  heat  value  of  the  fuel  into  mechanical  energy. 

3.  Non-condensing  Plant.  Exhaust  Steam  Heating.  —  Fig.  2  gives 
a  diagrammatic  arrangement  of  a  simple  non-condensing  plant  differ- 
ing from  Fig.  1  in  that  the  exhaust  steam  is  used  for  heating  pur- 
poses. This  shows  the  essential  elements  and  accessories,  but  omits 
a  number  of  small  valves,  by-passes,  drains,  and  the  like  for  the  sake 
of  simplicity.  The  plant  is  assumed  to  be  of  sufficient  size  to  warrant 
the  installation  of  efficient  appliances.  Steam  is  led  from  the  boiler 
to  the  engine  by  the  steam  main.  The  moisture  is  removed  from  the 
steam  before  it  enters  the  cylinder  by  a  steam  separator.  The  moisture 
drained  from  the  separator  is  either  discharged  to  waste  or  returned  to 
the  boiler.  The  exhaust  steam  from  the  engine  is  discharged  into  the 
exhaust  main  where  it  mingles  with  the  steam  exhausted  from  the  steam 
pumps.  Since  the  exhaust  from  engines  and  pumps  contains  a  large 
portion  of  the  cylinder  oil  introduced  into  the  live  steam  for  lubricat- 
ing purposes,  it  passes  through  an  oil  separator  before  entering  the 
heating  system.  After  leaving  the  oil  separator  the  exhaust  steam  is 
diverted  into  two  paths,  part  of  it  entering  the  feed-water  heater  where 
it  condenses  and  gives  up  heat  to  the  feed  water,  and  the  remainder 
flowing  to  the  heating  system.  During  warm  weather  the  engine 
generally  exhausts  more  steam  than  is  necessary  for  heating  purposes, 
in  which  case  the  surplus  steam  is  automatically  discharged  to  the 
exhaust  head  through  the  back-pressure  valve.  The  back-pressure  valve 
is,  virtually,  a  large  weighted  check  valve  which  remains  closed  when 
the  pressure  in  the  heating  system  is  below  a  certain  prescribed  amount, 
but  which  opens  automatically  when  the  pressure  is  greater  than  this 
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amount.  During  cold  weather  it  often  happens  that  the  engine  ex- 
haust is  insufficient  to  supply  the  heating  system,  the  radiators  con- 
densing the  steam  more  rapidly  than  it  can  be  supplied.  In  this  case 
live  steam  from  the  boiler  is  automatically  fed  into  the  main  heating 
supply  pi]>e  through  the  reducing  valve. 

The  condensed  steam  and  the  entrained  air  which  is  always  present 
are%utomatically  discharged  from  the  radiators  by  a  thermostatic  valve 
into  the  returns  header.  The  thermostatic  valve  is  so  constructed  that 
when  in  contact  with  the  comparatively  cool  water  of  condensation  it 
remains  open  and  when  in  contact  with  steam  it  closes.  The  vacuum 
pump  or  vapor  pump  exhausts  the  condensed  steam  and  air  from  the 
returns  header  and  discharges  thern  to  the  returns  tank.  The  small 
pipe  S  admits  cold  water  to  the  vacuum  pump  and  serves  to  condense 
the  heated  vapor,  and  at  the  same  time  supply  the  necessary  make-up 
water  to  the  system.  The  returns  tank  is  open  to  the  atmosphere  so 
that  the  air  discharged  from  the  vacuum  pump  may  escape.  From 
the  returns  tank  the  condensed  steam  gravitates  to  the  feed-water 
healer  where  its  temperature  is  raised  to  practically  that  of  the  exhaust 
steam.  The  feed  water  gravitates  to  the  feed  pump  and  is  forced  into 
the  boiler.  There  are  several  systems  of  exhaust  steam  heating  in 
current  practice  which  differ  considerably  in  details,  but,  in  a  broad 
sense,  are  similar  to  the  one  just  described.  The  more  important  of 
these  will  be  described  later  on. 

During  the  summer  months  when  the  heating  system  is  shut  down, 
the  plant  operates  as  a  simple  non-condeasing  station  and  practically 
all  of  the  exhaust  steam,  amounting  to  perhaps  60  per  cent  of  the  heat 
value  of  the  fuel,  is  wasted.  The  total  coal  consumption,  therefore,  is 
charged  against  the  power  developed.  During  the  winter  months, 
however,  all,  or  nearly  all,  of  the  exhaust  steam  may  be  used  for  heating 
purposes  and  the  power  becomes  a  relatively  small  percentage  of  the 
total  fuel  energy  utilized.  The  percentage  of  heat  value  of  the  fuel 
chargeable  to  power  depends  upon  the  size  of  the  plant,  the  number 
and  character  of  engines  and  boilers,  and  the  conditions  of  operation. 
It  ranges  anywhere  from  50  to  100  per  cent  for  the  summer  months 
and  may  run  as  low  as  6  per  cent  for  the  winter  months.  This  is  on  the 
assumption,  of  course,  that  the  engine  is  debited  only  with  the  differ- 
ence between  the  coal  necessary  to  produce  the  heat  entering  the  cyl- 
inder and  that  utilized  in  the  heating  system. 

4.  Elementary  Condensing  Plant.  —  Under  the  most  favorable  con- 
ditions a  non-condensing  plant  can  never  be  expected  to  realize  more 
than  7  per  cent  of  the  heat  value  of  the  fuel  as  power.  In  large  non- 
condensing  power  stations  the  demand  for  exhaust  steam  i^  usually 
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limited  to  the  heating  of  the  feed  water,  and  as  only  12  or  15  per 
cent  can  be  utilized  in  this  manner,  the  greater  portion  of  the  heat 
in  the  exhaust  is  lost.  Non-condensing  engines  require  from  20  to 
60  pounds  of  steam  per  hour  for  each  horse  power  developed.  On  the 
other  hand  in  condensing  engines  the  steam  consumption  may  be  re- 
duced to  as  low  as  10  pounds  per  horse-power  hour.  •  The  saving  of 
fuel  is  at  once  apparent. 

Fig.  3  gives  a  diagrammatic  arrangement  of  a  simple  condensing 
plant  in  which  the  back  pressure  on  the  engine  is  reduced  by  condens- 
ing the  exhaust  steam.  A  different  type  of  boiler  from  that  in  Fig.  1 
or  Fig;  2  has  been  selected,  for  the  purpose  of  bringing  out  a  few  of  the 
characteristic  elements.  The  products  of  combustion  instead  of  pass- 
ing directly  through  fire  tubes  to  the  stack  as  in  Fig.  1  are  deflected 
back  and  forth  across  a  number  of  water  tubes,  by  the  bridge  wall  and  a 
series  of  baffles.  After  imparting  the  greater  part  of  their  heat  to  the 
heating  surface  the  products  of  combustion  escape  to  the  chimney 
through  the  breeching  or  flue.  The  rate  of  flow  is  regulated  by  a  damper 
placed  in  the  breeching  as  indicated. 

The  steam  generated  in  the  boiler  is  led  to  the  engine  through  the 
main  header.  The  steam  is  exhausted  into  a  condenser  in  which  its 
latent  heat  is  absorbed  by  injection  or  cooling  water.  The  process 
condenses  the  steam  and  creates  a  partial  vacuum.  The  condensed 
steam,  injection  water,  and  the  air  which  is  invariably  present  are 
withdrawn  by  an  air  pump  and  discharged  to  the  hot  well.  In  case  the 
vacuum  should  fail,  as  by  stoppage  of  the  air  pump,  the  exhaust  steam 
is  automatically  discharged  to  the  exhaust  head  by  the  atmospheric 
rdief  valve,  and  the  engine  will  operate  non-condensing.  The  atmos- 
jtheric  relief  valve  is  a  large  check  valve  which  is  held  closed  by  atmos- 
pheric pressure  as  long  as  there  is  a  vacuum  in  the  condenser.  When 
the  vacuum  fails  the  pressure  of  the  exhaust  becomes  greater  than 
that  of  the  atmosphere  and  the  valve  opens. 

The  feed  water  may  be  taken  from  the  hot  well  or  from  any  other 
source  of  supply  and  forced  into  the  heater.  In  this  particular  case  it  is 
taken  from  a  cold  supply  and  upon  entering  the  heater  is  heated  by  the 
exhaust  steam  from  the  air  and  feed  pumps.  From  the  heater  it  gravi- 
tates to  the  feed  pump  and  is  forced  into  the  boiler.  Various  other 
combinations  of  heaters,  pumps,  and  condensers  are  necessary  in  many 
cases,  depending  upon  the  conditions  of  operation.  Feed  pumps,  air 
pumps,  and  in  fact  all  small  engines  used  in  connection  with  a  steam 
power  plant  are  usually  called  auxiliaries. 

A  well-designed  station  similar  to  the  one  illustrated  in  Fr 

ipable  of  convc*w*ag  about  10  per  cent  of  the  heat  value  of  1 
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into  mechanical  energy.    The  various  heat  losses  are  approximately 
as  follows: 

BOILER  LOSSES.  Per  C«t. 

Loss  due  to  fuel  falling  through  the  grate 2 

Loss  due  to  incomplete  combustion 2 

Loss  to  heat  carried  away  in  chimney  gases      23 

Radiation  and  other  losses 8 

Total 35 

Heat  used  by  engines  and  auxiliaries  (16  pounds  of  steam  per  B.t.u. 

i.h.p.-hour,  pressure  150  pounds,  feed  water  210°  F.)  .    .    .  16,250 

Engine  and  generator  friction,  5  per  cent 812 

Leakage,  radiation,  etc.,  2  per  cent 325. 

Total '.    .      17,387 

Heat  equivalent  of  one  electrical  horse  power 2,545 

Percentage  of  the  heat  value  of  the  steam  converted  into  elec-      Pw  C«t. 

trical  energy 14.7 

Percentage  of  heat  value  of  fuel  converted  into  electrical  energy 

2545  X  0.65  g- 

17,387  

In  large  central  stations  equipped  with  turbo-generators  using  super- 
heated steam,  an  over-all  efficiency  from  switchboard  to  coal  pile  of 
12  per  cent  is  not  unusual  with  a  maximum  of  about  14  per  cent. 

5.  Condensing  Plant  with  Full  Complement  of  Heat-saying  Appli- 
ances. —  When  fuel  is  costly  it  frequently  becomes  necessary  for  the 
sake  of  economy  to  reduce  the  heat  wastes  as  much  as  possible.  The 
chimney  gases,  which  in  average  practice  are  discharged  at  a  tem- 
perature between  450  and  550  degrees  F.,  represent  a  loss  of  20  to 
30  per  cent  of  the  total  value  of  the  fuel.  If  part  of  the  heat  could 
be  reclaimed  without  impairing  the  draft  the  gain  would  be  directly 
proportional  to  the  reduction  in  temperature  of  the  gases.  Again,  in 
some  types  of  condensers  all  of  the  steam  exhausted  by  the  engine 
is  condensed  by  the  circulating  water  and  discharged  to  waste.  If 
provision  could  be  made  for  utilizing  part  of  the  exhaust  steam  for 
feed-water  heating,  the  efficiency  of  the  plant  could  be  correspondingly 
In  many  cases  the  cost  of  installing  such  heat-saving  de- 
would  more  than  offset  the  gain  effected,  but  occasions  arise  where 
fr  gn*  marked  economy. 

4  pvn  a  diagrammatic  arrangement  of  a  condensing  plant  in 

of  heat-reclaiming  devices  are  installed.     The  plant  is 

of  a  number  of  engines,  boilers,  and  auxiliaries. 

transferred  from  the  cars  to  coal  hoppers  placed 

of  buckets  and  conveyors.     These  hoppers 

■  *o  kee*"  r  in  continuous 
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operation  for  some  time.  From  the  hopjiers  the  coal  is  fed  inte 
mittently  to  the  stoker  by  mean*  of  a  down  *pout.  The  stoker  feeds  tl 
furnace  in  proportion  to  the  power  demanded  and  automatically  r 
jects  the  ash  and  refuse  to  the  a*h  pit.  The  ashes  are  removed  fro 
the  ash  pit,  when  occasion  demand*,  and  are  transferred  to  the  « 
hopper  by  the  same  system  of  buckets  and  conveyor  which  handl 
the  coal.  The  ash  hopper  is  usually  placed  alongside  the  coal  hoppe 
and  is  not  unlike  them  in  general  appearance  and  construction. 

The  products  of  combustion  are  discharged  to  the  stack  through  tl 
flue  or  breeching.  Within  the  flue  is  placed  a  feed-water  heater  call* 
an  economizer,  the  function  oi  which  is  to  absorb  part  of  the  heat  fro 
the  gases  on  their  way  to  the  chimney.  The  heat  reclaimed  by  tl 
economizer  varies  widely  with  the  conditions  of  operation  and  rang 
between  5  and  20  per  cent.  Since  the  economizer  acts  as  a  resistant 
to  the  passage  of  the  products  of  combustion  it  is  sometimes  necessai 
to  increase  the  draft  either  by  increasing  the  height  of  the  chimin 
or,  as  is  the  usual  practice,  by  using  a  forced-draft  system. 

Part  of  the  heat  of  the  exhaust  steam  is  reclaimed  by  a  vacuum  head 
which  is  placed  in  the  exhaust  line  between  engine  and  condense 
For  example,  if  the  feed  water  has  a  normal  temperature  of  60  degrees  1 
and  the  vacuum  in  the  condenser  is  20  inches,  the  vacuum  heater  wi 
raise  the  temperature  of  the  feed  to,  say.  120  degrees  F..  thereby  effec 
ing  a  gain  in  heat  of  approximately  ti  per  cent.  If  the  feed  supply 
taken  from  the  hot  well  the  vacuum  heater  is  without  purpose,  as  tli 
temperature  of  the  hot  well  will  not  be  far  from  120  degrees  F. 

Referring  to  the  diagram,  the  path  of  the  steam  is  as  follows:   Froi 

the  boiler  it  flows  through  the  boiler  lead  to  the  main  header  or  equali: 

ing  pipe-     From  the  main  header  it  flows  through  the  engine  lead  to  th 

high-pressure  cylinder.     The  exhaust  steam  discharges  from  the  lov 

pressure  cylinder  through  the  vacuum  heater  and  into  the  condense 

Part  of  the  exhaust  steam  is  condensed  in  the  vacuum  heater  and  give 

up  its  latent  heat  to  the  feed  water.     The  remainder  is  condensed  b 

•he  injection  water  which  is  forced  into  the  condenser  chamber  by  tli 

irrziUdutg  pump.    The  condensed  steam  and  circulating  water  gravital 

-pw#j^h  the  tail  pipe  to  the  hot  well.     The  air  which  enters  the  cor 

•*■*«•  <rher  as  leakage  or  cntraimnenl  is  withdrawn  by  the  air  puni] 

■-■*    -*<iAr  exhausted  by  the  feed  pump,  air  pump,  stoker  engine,  an 

•'.■-  *«vm-*rirpa auxiliaries  is  usually  discharged  into  the  utmospher. 

.  "**"*  -*§*  further  heats  the  feed  water. 

*■■  "      ■  f  ;  "^  fned  watw,  the  circuit    i*  as  follows:    The  pum 

"       "  '■^*"£-rt?r  '1*%aBPWa^un>  of|  S,M-V'  {i{)  4,rKi"ces  F..  and  force 
•st  v*11"^ feflftter ,  tl  hi'rie  heater,  and  tl 


14  STEAM  POWER  PLANT  ENGINEERING 

with  steam-driven  electrical  power  plants  with  the  usual  peak  loads. 
Steam  power  plants  as  a  class  are  very  wasteful  of  fuel  at  the  best. 

One  of  the  best  recorded  performances  to  date  (March,  1912)  of  a 
steam-electric  power  plant  is  that  of  the  Pacific  Light  and  Power 
Company  at  Redondo,  Cal.  When  operating  under  regular  commer- 
cial conditions  approximately  14  per  cent  of  the  available  heat  of  the 
fuel  (crude  oil)  is  realized  as  power  at  the  switchboard.  This  includes 
all  standby  losses.  For  a  detailed  description  of  the  plant  and  the 
results  of  the  acceptance  tests,  see  Jour,  of  Elec.  Gas  and  Power,  Aug. 
22,  1908. 

In  Europe  a  combined  plant  efficiency  of  15  per  cent  is  not  uncom- 
mon. Even  small  semi-portable  plants  of  40  to  200  horse  power  are 
operated  with  over-all  efficiencies  as  high  as  14  per  cent.  In  these 
small  plants  the  engine,  boiler,  and  auxiliaries  are  combined,  permit- 
ting a  high  degree  of  superheat  with  minimum  heat  losses.  A  40- 
horse-power  plant  tested  by  Professor  Josse  of  the  Royal  Technical 
School,  Germany,  gave  the  following  results:  coal  consumed  per  brake 
h.p.-hour,  1.23  pounds,  corresponding  to  an  over-all  efficiency  of  14.2 
per  cent.  Steam  consumption,  9.5  pounds  per  i.h.p.-hour.  Boiler  and 
superheated  efficiency,  77.7  per  cent.  (See  Zeit.  des  Ver.  Deut.  Ing., 
March  18  and  25,  1911,  and  Power,  Sept.  27,  1910,  p.  1714.  See  Fig. 
226.) 


CHAPTER  II. 

FUELS  AND  COMBUSTION. 

C  General.  —  The  subject  of  fuels  and  combustion  has  been  so 
extensively  treated  by  various  authorities  that  a  comprehensive  dis- 
cussion would  be  without  purpose  here,  but  in  order  to  bring  out  more 
clearly  the  matter  pertaining  to  the  commercial  design  and  operation 
of  steam  power  plants  a  few  of  the  essential  elements  will  be  briefly 
treated. 

The  fuels  used  for  steam  making  are  coal,  coke,  wood,  peat,  mineral 
oil,  natural  and  artificial  gases,  refuse  products  such  as  straw,  manure, 
sawdust,  tan  bark,  bagasse,  and  occasionally  corn  and  molasses. 

In  most  cases  that  fuel  is  selected  which  develops  the  required  power 
at  the  lowest  cost,  taking  into  consideration  all  of  the  circumstances 
that  may  affect  its  use.  Occasionally  the  disposition  of  waste  products 
is  a  factor  in  the  choice,  but  such  instances  are  uncommon.  The 
boilers  and  furnaces  are  designed  to  suit  the  fuel  selected. 

7.  Classification  of  Fuels.  —  Fuels  may  be  divided  into  three  classs 
as  follows: 

1.  Solid  fuels. 

a.  Natural:  straw,  wood,  peat,  coal. 

b.  Prepared:  charcoal,  coke,  peat,  and  other  briquettes. 

2.  Liquid  fuels. 

a.  Natural:  crude  oils. 

6.  Prepared:  distilled  oils,  alcohol,  molasses. 

3.  Gaseous  fuels. 

a.  Natural:  natural  gas. 

6.  Prepared:  coal  gas,  water  gas,  producer  gas,  oil  gas. 

8.  Solid  Fads.  —  Solid  fuels  are  of  vegetable  origin  and  exist  in  a 
variety  of  forms  between  that  of  a  comparatively  recent  cellulose  growth 
and  that  of  nearly  pure  carbon  as  anthracite  coal.  They  owe  their 
forms  to  the  conditions  under  which  they  were  created  or  to  the  geo- 
logical changes  which  they  have  undergone.  With  each  succeeding 
stage  the  percentage  of  carbon  increases.    The  chemical  changes  are 

approximately  as  follows : 
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4.17 
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28. §9 
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1 .36 

4.46 
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Ail  natural  *?oiid  rueis  -omani  more  ir  less,  ^ardty  or  inorganic  matter 
^vhich  is  nor  •ombiistibie  and  dierefore  remains  as  ash*  while  the 
organic  matter  is  T>nsumetL  Simifnmes  the  percentage  of  ash  is  so 
great  as  to  rrader  'hem  Taiueiess  for  ^team-making  purposes. 

*}r?4fin  inri  F  rrmaum  tf  7  mL  ^ngrac.  Auk.  .3.  1981:  Am.  Geol..  Feb..  1899: 
Coi.  Guam.  "?*-at.  10.  1S97  « Vr.  1.  1>97.  Jan.  14,  IMI8.  Jan.  28.  t*98.  \Lirch  18, 
l*)S.  S^pr.  14.  L9H8:  Ei?.  ->m..  »>*..  1985:  Eng  C.5.,  Aptd  L  1983:  Jr.  ami  Coal 
T«i.  Review.  F«b.  4.  1S9*.  Juiv  13.  I!***. 


S.  OmpmilrhB  af  Coal* —  The  m  comb  hied  carbon  in  coal  is  known 
as  Jixed  carwn.  whiie  the  hydrocarbons  and  other  gaseous  compounds 
which  distiil  off  oq  application  of  hear  ronstituie  the  volatile  matter. 
Refractory  earth.-?  and  moisture  are  round  in  varying  quantities  in 
different  classes  of  «*oai  and  as  they  are  incombustible  tend  to  reduce 
the  heat  value  of  the  rieL  That  part  of  the  fuel  which  is  dry  and  free 
from  ash  is  called  the  comhtjutibie.  though  the  nitrogen  and  oxygen  in 
the  volatile  matter  are  act  actually  combustible.  The  term  "pure 
coal"  has  been  suggested  in  this  connection  and  is  meeting  with  much 
favor.  (Jour.  W.S.E.  1 1-757. v  The  various  elementary  constituents 
of  a  fuel  must  be  determined  by  a  careful  chemical  analysis,,  but  in 
most  cases  it  is  only  necessary  to  know  the  heating  value,  the  per  cent 
of  ttobfcure  and  ash,  and  perhaps  the  per  cent  of  sulphur.  Tables  1  to 
4  stow  the  composition  of  a  number  of  American  coals  and  give  a 
fpod  idea  of  their  chemical  and  physical  characteristics. 

II*  OuHfltartiM  of  Coals.  —  Coals  and  allied  substances  have  been 
^%ri*toiy  tteafod  according  to 

Is  0»3|j8m4iytiroge&  ratio,  or  Gruner's  classification. 
^  YVtftAtftltaa  and  volatile  combustible  matter. 
^  ^NA  Htife,  of  the  ratio  of  the  fixed  carbon  to  the  volatile  com- 
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6.  Total  carbon. 

7.  Hydrogen. 

8.  Carbon-hydrogen  ratio,  or  the  ratio  of  the  total  carbon  to  the 
hydrogen. 

Gruner's  classification  is  as  follows: 

(Eng.  and  Min.  Jour.,  July  25,  1874.) 


Anthracite. 
Bituminous 
Lignite. . . . 


Ratio  "o 


1  to  0.75 
4tol 
5 


«  .    o 

Ratio  tt- 


6  to  5 

7 

8 


Kent's  classification,  according  to  the  constituents  of  the  combustible 
is  as  follows  (Steam  Boiler  Practice) : 


Per  Cent  of  Dry  Combustible. 

Fixed  Carbon. 

Volatile  Matter. 

Anthracite 

97      to  92.5 
92.5  to  87.5 
87.5  to  75 
75     to  60 
65      to  50 
Under  50 

3      to    7.5 

Semi-anthracite 

7.5  to  12.5 

Semi-bituminous 

12.5  to  25 

Bituminous  —  TCnstprn ... 

25      to  40 

RitiiminrniM  —  Western 

35      to  50 

Lignite 

Over  50 

Gruner's,  Kent's,  and  the  other  schemes  of  classification  outlined 
above,  with  the  exception  of  the  carbon-hydrogen  ratio,  are  more  or 
less  unsatisfactory,  since  the  groups  are  not  as  clearly  defined  as  indi- 
cated and  overlap  to  a  considerable  extent. 

The  U.  S.  Geological  Survey  proposes  the  following  classification 
according  to  the  carbon-hydrogen  ratio  which  appears  to  apply  satis- 
factorily to  all  grades  of  coal. 

(Compiled  from  Report  of  Government  Coal  Testing  Plant,  Professional  Paper  No.  48,  1900.) 


Group. 


Clan. 


Example. 


A Graphite 

B Anthracite *Buek  Mountain,  Pa. 

C Anthracite *Scranton.  Pa. 


D. 

E. 

F. 

G. 

H. 

I. 

J 

K. 

L. 


Semi-anthracite. . 
Semi-bituminous . 

Bituminous 

..do 

..do 

..do 

Lignite 

Peat 

Wood 


'Bern ice  Basin,  Pa 

I  Spadra  Bed,  Ark.- 

■  Xew  River.  W.  Va 

Connclsville  Field.  Pa. 

Marion  Count  v,  111. .  .  . 

Red  Lodge,  Mont 

Gallup  Field,  N.  M... 


Carbon-hydrogen 
Ratio. 


to  30 
30  to  26 
26  to  23 
23  to  20 
20  to  17 
17   to  14.4 

14.4  to  12.5 

12.5  to  11.2 
11.2  to  9.3 

9.3  to 
7.2 


*  Not  included  in  Government's  Report. 


«.       I..* 
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sizes,  the  fire  requires  frequent  cleaning.  Anthracites  do  not  require 
"slicing"  and  should  be  disturbed  only  when  cleaning  is  necessary. 
Nearly  all  anthracites,  with  some  unimportant  exceptions,  come  from 
three  small  fields  in  eastern  Pennsylvania.  On  account  of  the  limited 
supply  and  the  great  demand  for  domestic  purposes,  sizes  over  "pea 
coal"  are  prohibitive  in  price  for  steam  power  plant  use.  Table  1 
gives  the  composition  and  classification  of  a  number  of  typical  American 
anthracite  coals,  and  Table  2,  one  of  the  standard  divisions  of  mesh 
according  to  which  they  are  classed  and  marketed.  Specific  gravity, 
1.4  to  1.6. 

Burning  No.  S  Buckwheat:  Power,  Dec.  27,  1910;  Mar.  21,  1911.  Burning 
Anthracite  Culm  of  Poor  Quality:  Trans.  A.S.M.E.,  7-390.  Anthracite  Culm  Bri- 
quets, Am.  Inst.  Min.  Engra.,  Bulletin,  Sept.,  1911.  Calorific  Value  of  Anthracite: 
Mines  and  Minerals,  Sept.,  1911.  Preparation  of  Anthracite:  Am.  Inst.  Min. 
Engra.,  Bulletin,  Oct.,  1911. 

TABLE  2. 


Broken 

Era 

Store 

Nut 

Pet 

Buckwheat  No.  1 
Buckwheat  No.  2 
Buckwheat  No.  3 


Thruilgh 

Over 

Through 

Through 
Over 

Through 

Through 

Over 

Through 

Through 


Round. 
Bound. 
Round. 

Hound. 
lf( 1. 

RuUlld. 

Round. 

Round. 

1'ijiiriil  in 

Rmmi!  i.ii 

Round. 

Round. 
Round. 
Round. 
Round. 
Round. 


18.  Semi-anthracites.  — ■  These  coals  kindle  more  readily  and  burn 
more  rapidly  than  the  anthracites.  They  require  little  attention, 
burn  freely  with  a  short  flame  and  yield  great  heat  with  little  clinker 
and  ash.  They  are  apt  to  split  up  on  burning  and  waste  somewhat  in 
falling  through  the  grate.  They  swell  considerably,  but  do  not  cake. 
They  have  less  density,  hardness  and  metallic  luster  than  anthracite, 
and  can  generally  be  distinguished  by  their  tendency  to  soil  the  hands, 
while  pure  anthracite  will  not.  Semi-anthracites  are  Dot  of  great  im- 
portance in  the  steam  power  plant  field  on  account  of  the  limited  sup- 
ply and  high  cost.  They  are  found  in  a  few  small  areas  in  the  western 
part  of  the  anthracite  field.    Specific  gravity,  1.3  to  1.4. 
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13.  Semi-bituminous.  —  These  coals  are  similar  in  appearance  to 
semi-anthracite,  but  they  are  somewhat  softer  and  contain  more  vola- 
tile matter.  They  have  a  very  high  heating  value,  have  a  low  moisture, 
ash  and  sulphur  content,  are  readily  burned  without  producing  ob- 
jectionable smoke  and  rank  among  the  best  steaming  coals  in  the 
world.  The  supply  is  limited  and  on  account  of  high  cost,  except  in 
the  immediate  vicinity  of  the  mines,  they  are  not  generally  used  for 
power  purposes.  Table  3  gives  the  composition  and  classification  of 
a  number  of  typical  American  semi-anthracite  and  semi-bituminous 


COMPOSITION    OF    TYPICAL    AMERICAN'     SEMI-ANTHRACITE    ANE 

NOUS  COALS. 

SEMI-BITUMI- 

3 

i. 

zi 

I 

8" 

L 

f 

1* 

1 

1 
E 

Proximate  analysis: 
Volatile  matter 

1.57 
9  40 
S3  ffi> 
5.34 

100.00 

85. 4G 
3.72 
1.12 

3.45 
0.91 
5.34 

2  36 
12  68 
72.88 

12.08 

t 
4.07 
10.34 
68.47 
11.12 

100.00 

76.51 
4.27 
1.00 
6.39 
0.51 

11.12 

i 

1.42 

20  72 
70.05 
7.81 

t 

1.53 

21.54 
71.88 
5.05 

S 

0.44 
18.76 
73.15 

7.65 

Ultimate  analysis: 

100.00 

78.44 

3.82 
1.37 

4.30 
1.9!) 
12.08 

100.00 

81.95 
4.30 
1.2S 
3.68 
0.97 
7.81 

100.00 

82,87 
4.76 

4^99 
0.65 
5.05 

100.00 

C'iiliirilic  value: 

100.00 

100.00 
20.7 

100.00 

13.509 
13,329 

19.6 
4.2 

100.00 

14.686 
14,303 

19.0 
3.4 

100.00 

14,807 
14,691 

17.8 
3.3 

100.00 

14,552 

23.0 

8.5 

14,432 

16.5 

3.9 

Classification; 

C;trl>i)n-hvd  torch  ratioll 

Furl  ratio 

_     .)-.        I  W.  Vs.  GmloKioil  Survey. 
||  Bused  on  uir-dricnl  simple. 

14.  Bituminous.  —  These  coals  are  the  most  widely  distributed  and 

the  most  extensively  used  fuel  in  steam  power  plant  engineering.  They 
contain  ;i  large  and  varying  amount  of  volatile  matter  and  burn  freely 
with  the  production  of  considerable  smoke  unless  carefully  fired.  Their 
physical  properties  vary  widely  and  they  are  commonly  classified  as 

1.  Dry,  or  free-burning  bituminous.  ', 

2.  Bituminous  caking. 

3.  Long-flaming  bituminous. 
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1.  Dry  bituminous  coals  are  the  best  of  the  bituminous  variety  for 
steaming  purposes.  They  are  hard  and  dense,  black  in  color,  but 
somewhat  brittle  and  splintery.  They  ignite  readily,  burn  freely  with 
a  short  clean  bluish  flame  and  without  caking.  Specific  gravity, 
1.25  to  1.40. 

2.  Bituminous  caking  coals  swell  up,  become  pasty  and  fuse  together 
in  burning.  They  contain  less  fixed  carbon  and  more  volatile  matter 
than  the  free-burning  grades.  Caking  coals  are  rich  in  hydrocarbon 
and  are  particularly  adapted  to  gas  making.  The  flame  is  of  a  yellow- 
ish color.     Specific  gravity,  about  1.25. 

3.  Long-flaming  bituminous  coals  are  similar  in  many  respects  to 
the  caking  coals  but  contain  a  larger  percentage  of  volatile  matter. 
They  burn  freely  with  a  long  yellowish  flame.  They  may  be  either 
caking,  non-caking  or  splintery.  They  are  very  valuable  as  a  gas  coal, 
and  are  little  used  for  steaming  purposes.     Specific  gravity,  about  1.2. 

Table  4  gives  the  composition  and  classification  of  a  number  of 
typical  American  bituminous  coals. 

For  sizes  of  bituminous  coal  see  paragraph  31. 

COAL   FIELDS   OF  THE    UNITED   STATES. 

Alabama:  Mines  and  Minerals,  May,  1901. 

Alaska:  Mining  World,  Aug.  28,  1909;  Eng.  and  Min.  Jour.,  Aug.  6,  1910. 

Arizona:  Trans.  Am.  Inst.  Min.  Engrs.,  Feb.  and  May,  1902. 

California:  Eng.  and  Min.  Jour.,  July  4,  1896;  Mining  World,  Feb.  17,  1906. 

Colorado:  Mines 'and  Minerals,  May,  1905,  May,  1910;  Min.  Rept.,  Jan.  19,  1905. 

Idaho:  Eng.  and  Min.  Jour.,  March  5,  1910;  Mines  and  Mining,  Jan.,  1903. 

IllinoU:  Min.  Mag.,  March,  1905;  Eng.  and  Min.  Jour.,  Jan.  13,  1906. 

Ioica:   Mines  and  Mining,  Sept.,  1910;  Eng.  and  Min.  Jour.,  May  10,  1902. 

Kentucky:  Eng.  and  Min.  Jour.,  Apr.  27,  1907;  Jan.  18,  1908;  June  27,  1908; 
Aug.  14,  1909. 

Maryland:  IT.  S.  Geol.  Survey,  Annual  Report,  1902,  part  3. 

Michigan:  Eng.  and  Mining  Jour.,  June  30,  1900;   Min.  World,  Feb.  9,  1907. 

Mississippi:  Eng.  and  Min.  Jour.,  Jan.  16,  1909. 

Missouri:  Am.  Inst,  of  Min.  Engrs.,  Jan.,  1905. 

Montana:   Min.  Mag.,  March,  1905;   Min.  World,  Nov.  24,  1906. 

Nebraska:  Eng.  and  Min.  Jour.,  Vol.  73,  p.  481. 

Xevada:  Eng.  and  Min.  Jour.,  Dec.  31,  1910. 

Xcic  Mexico:  Eng.  and  Min.  Jour.,  May  21,  1910;  June  20,  1908;  March  7,  1908. 

Xorth  Carolina:   Eng.  and  Min.  Jour.,  June  11,  1910;  Aug.  25,  1906. 

Xorth  Dakota:   Eng.  and  Min.  Jour.,  Jan.  15,  1910;   April  10,  1909. 

Ohio:   Min.  Mag.,  Mar.,  1905;   U.  S.  Geol.  Survey,  part  3,  1902. 

Oklahoma  (Ind.  Terr.):  Min.  Kept.,  May  17,  1906;  Mining  World,  Dec.  12, 
190$. 

Ongon:   Eng.  and  Min.  Jour.,  Aug.  17,  1907;   Feb.  15,  11K12. 

Pennsylvania:  Eng.  and  Min.  Jour.,  Aug.  21,  190J ;  Pro.  Eng.  S.  W.  Penn.,  Jan., 
1907. 

Rhode  Island:  Ry.  Age  Gazette,  July  8,  1910. 
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eer   Eng.  and  Min.  Jour.,  April  1,  1911;  Mines  and  Mining,  Sept.,  1910. 

Mines  and  Minerals,  Oct.,  1905. 

Mines  and  Mining,  Sept.,  1906;  June,  1909. 

a:   Mines  and  Minerals,  March,  1906;  Eng.  News,  Oct.  20,  1904. 

\gton:   Eng.  and  Min.  Jour.,  Aug.  19,  1911;   U.  S.  Geol.  Survey,  part  3, 

irginia:  Eng.  and  Min.  Jour.,  May  12,  1904. 

isin:  Trans.  Am.  Inst,  of  Mech.  Engrs.,  Vol.  8,  p.  478. 

ing:  Mining  World,  May  6,  1905;  Coal  Age,  Apr.  13,  1912. 

GENERAL. 

lines  of  the  United  States:  Peabody  Atlas,  A.  Bement,  Chicago,  111.,  Min. 
[ay  6,  1905;  Eng.  and  Min.  Jour.,  Jan.  8,  1910. 
Resources  of  the  Pacific:  Eng.  Mag.,  May,  1902. 

Mountain  Coal  Fields:   Min.  Kept,  Jan.  5,  1905;  Jour.  Asso.  Eng.  Soc., 
12. 

'ields,  U.  S.  Northwest:  Rev.  of  Rev.,  Feb.,  1903. 
'id&s,  U.  S.  Southwest:  Eng.  and  Min.  Jour.,  Oct.  17,  1903. 
of  Coal  Testing  Plant:  U.  S.  Geological  Survey,  Washington,  D.  C.  (1906). 
of  Mining  Engineering  Literature:  W.  R.  Crane,  John  Wiley  &  Sons. 

Ignite,  or  brown  coal,  is  a  substance  of  more  recent  geological 
mi  than  coal  and  represents  a  stage  in  development  intermediate 
i  coal  and  peat.  Its  specific  gravity  is  low,  1.2,  and  when 
mined  contains  as  high  as  50  per  cent  of  moisture.  It  is  norl- 
and on  exposure  to  air,  slackens  or  crumbles.  The  lumps 
nd  fall  into  small  irregular  pieces  with  a  tendency  to  separate 
iremely  thin  plates.  It  deteriorates  greatly  during  storage  or 
insportation.  Lignite,  as  mined,  is  a  low-grade  fuel  with  a 
value  of  about  one-half  that  of  good  coal.  When  properly 
i  and  compressed  into  briquettes  lignite  becomes  an  excellent 
sists  weathering  satisfactorily,  permits  handling  and  trans- 
n  without  excessive  deterioration  and  is  practically  smokeless. 
>eriority  of  briquettes  over  raw  lignite  is  shown  by  the  fol- 
able: 


IMPROVEMENT  OF  HEAT  VALUE  BY  BRIQUETTIXG.* 


Moisture 

Heat 

Value  per  Pound. 

ource 

In  Raw 
Lignite. 

In  Bri- 
quettes. 

Removed. 

Raw 
Lignite. 

Briquettes. 

Increase. 

Per  Cent. 
33.0 
40.0 
42.0 
40.0 

Per  Cent. 

9.0 
12.0 
10.0 
10.0 

Per  Cent. 

24.0 
28.0 
32.0 
30.0 

B.t.u. 

6840 
6241 
6079 
6080 

B.t.u. 

9336 
9354 
9355 
9264 

Per  Cent. 
36.5 

ikota 

iikota 

a 

50.0 

54.0 
52.* 

•  Bulletin  No.  14,  U.  S.  Bureau  of  Mines,  p.  48. 
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The  most  extensive  lignite  deposits  are  situated  long  distances  from 
fields  of  high-grade  coal,  and  although  the  use  of  lignite  is  at  present- 
limited  to  these  regions  it  is  fast  becoming  a  general  competitor  of  coal. 

Xorth  Dakota  Lignite  as  a  Fuel  for  Power  Plant  Boilers:  Bui.  No.  2,  1910,  U.  S. 
Bureau  of  Mines,  ftrifjiietting  Tests  of  Lignite:  Bui.  No.  14,  1911,  U.  S.  Bureau  of 
Mines.     General  data  ]>ertaining  to  lignite  fuels,  Engr.  U.  S.,  Jan.,  1910. 


TABLE  5. 

COMPOSITION  AND  CLASSIFICATION  OB'  TYPICAL  AMERICAN  LIGNITES.* 

(Run  of  Mine.) 


Proximate  analysis: 

Water " 

Volatile  matter. . 

Fixed  carbon 

Ash 


31 


Ultimate  analysis: 
Hydrogen 


11.05 


• 

C  is  — 


12.29 


35.90  !  34.58 

■16.14 

6.99 


42.08 
10.97 


100.00    100.00 


a 

He 


h 

8* 


33.71 
29.25 
29.76 

7.28 


Nitrogen 
Oxygen . . 
Sulphur. . 
Ash 


5.37 
Carbon !  59.08 

1.33 
21.52 

1.73 
10.97 


Calorific  value: 

Calorimeter , 

Dulong's  formula 

Classification: 

Carbon-hydrogen  ratiof 
Fuel  rat  io 


5.82 

63.31 

1.03 

*>'}   «>o 

0 .  03 
6.99 


100.00 

10.539 
10,355 

11.50 
1.17 


100.00    100.00 


18.68 

34.88 

40.45 

5.99 


6.79 
45.52 

0.79 
42.09 

0.53 

7.28 


6.07 

57.46 

1.15 

28 .  78 
0.55 
5.99 


100.00    100.00    100.00 


36.78 

28.16 

29.97 

5.09 


100.00 

6.93 
41.87 

0.69 
44.94 

0.48 

5.09 


1 1 ,252 
11,153 

11.20 
1.09 


7348 
7177 

10.90 
1.02 


10,143 
9,948 

9.80 
1.16 


100.00 

7002 
6944 

9.60 
1.06 


3~ 


22.63 

35.68 

37.19 

4.50 


100.00 

6.39 
54.91 

1.02 
32.59 

0.59 

4.50 


100.00 

9734 
9478 

9.40 
1.05 


*  Compiled  from  Government  Keport,  V.  S.  Geological  Survey, 
t  Based  on  air-dried  analysis. 

16.  Peat,  or  Turf,  is  formed  by  the  slow  carbonization  under  water 
of  a  variety  of  accumulated  vegetable  materials.  It  is  unsuitable  for 
fuel  until  dried.  Peat,  as  ordinarily  cut  and  dried,  is  too  bulky  for 
commercial  competition  with  coal,  and  is  used  only  where  coal  is  pro- 
hibitive in  price.  When  properly  prepared  and  compressed  into  bri- 
quettes peat  is  an  excellent  fuel.  In  Russia,  Germany,  and  Holland 
]x*at  briquettes  have  passed  the  experimental  stage  and  several  millions, 
of  pounds  are  manufactured  annually.  Peat  is  used  but  little  in  this  v 
country  at  present,  though  the  deposits  are  extensive  and  widely  dis- 
tributed, but  its  possibilities  are  beginning  to  attract  the  attention  of 
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engineers.     The  proportion  in  which  the  various  primary  constituents 
exist  in  dried  peat  is  approximately  as  follows: 

Per  Cent. 

Fixed  carbon 35 

Volatile  matter 60 

Ash 5 

Peal:  Prac.  Engr.  U.  S.,  Jan.,  1910,  p.  21;  Bui.  No.  16,  U.  S.  Bureau  of  Mines, 
1911;  Power,  Sept.  6,  1910;  Eng.  and  Min.  Jour.,  Nov.  22,  1902;  Feb.  7,  1903, 
Jour.  Am.  Peat  Soc.,  July,  1911;  Elec.  Rev.,  Mar.  22,  1912;  Min.  and  Eng.  Wld., 
Nov.  28,  1911. 

17.  Wood,  Straw,  Sawdust,  Bagasse,  Tanbark.  —  In  certain  localities 
cordwood  is  still  used  as  a  fuel,  but  the  steadily  increasing  values 
of  even  the  poorest  qualities  are  rapidly  prohibiting  its  use  for  steam- 

TABLE  6. 

PHYSICAL  AND  CHEMICAL  PROPERTIES  OF  WOODS,  STRAW  AND  TANBARK. 

(Prac.  Engr.  U.  S.,  Jan.,  1010.) 


3  *5 

&I 

46 
43 
45 
42 
41 
35 
25 
53 
49 
59 
52 
45 
25 
36 
36 
25 
35 
25 

Weight   per   Cord. 
Pounds. 

Equivalent  Weight 
of   Coal.     13,500 
B.T.U. 

Carbon. 
Per  Cent. 

Hydrogen. 
Per  Cent. 

Oxygen. 
Per  Cent. 

Nitrogen. 
Per  Cent. 

Ash. 

Per  Cent. 

Calorific  value, 
B.T.U.  per 
Pound. 

Authority. 

Aih   

3520 
3250 
2880 
3140 
2350 
2350 
1220 
4500 
3310 
3850 
3850 
3310 
1920 
2130 
2130 
1920 
3310 
1920 

1420 

1300 

1190 

1260 

940 

940 

580 

1800 

1340 

1560 

1540 

1340 

970 

1050 

1050 

970 

1340 

970 

5450 
5400 
5580 
5420 
5400 
5400 
6410 
5400 
5460 

Hut  ton 

Beech  

Birch 

Cherry 

Chestnut 

49.36 
50.20 

6.01 
6.20 

42.69 
41.62 

0.91 
1.15 

1.06 
0.81 

•Sharpless 

Hutton 
<< 

Sharpless 

Him 

Hemlock 

Hutton 

Hickory. . . . 
Maple,  Hard 
Oak.  Live 

Sharpless 
Hutton 

5460 
5400 
5460 
6830 
6660 

<< 

"    White. 
"    Red  . . 

49. 64 

5.92 

41.16 

1.29 

1.97 

Rankine 
Hutton 

Pine,  White 
"   Yellow 

if 

tt 

Spruce  

Walnut  .... 

49.37 

6.21 

41.60 

0.96 

1.86 

6660 
6830 
5460 
6830 

tt 
tt 

tt 

Willow   

49.96 

5.96 
6.06 

39.56 

0.96 
1.05 

3.37 
1.80 

Rankine 

Averaire-  - 

49.70 

41.30 

* 

s 

to 

Straw: 
Wheat  . . . 
Barley  . . . 

Water 
16.00 
15.50 

35.86 
36.27 

5.01 
5.07 

5.04 

37.68 
38.26 

0.45 
0.40 

0.42 

5.00 
4.50 

4.75 

5155 

Clark 

Average 

15.75 

36.06 

37.97 

Tanbark 

Dry 

51.80 

6.04 

40.74 

i 

1.42 

6100 

Mvers 

1 

•  Compressed. 
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generating  purposes.  Sawdust,  shavings,  tanbark  and  other  waste 
products  of  wood  are  burned  under  boilers  in  situations  where  such 
disposition  nets  the  best  financial  returns.  Recent  progress,  however, 
in  industrial  chemistry  shows  that  ethyl  and  wood  alcohols  and  other 
valuable  by-products  can  be  cheaply  made  from  sawdust,  shavings, 
slashings  and  similar  waste  material,  and  it  is  not  unlikely  that  their 
use  for  steaming  purposes  will  be  unheard  of  in  a  comparatively  few 
years.  Table  6  gives  the  physical  and  chemical  characteristics  of  a 
number  of  woods. 

Wood  as  Fuel:  Prac.  Engr.  U.  S..  Jan.,  1910, -p.  80S;  Power  ft  Engr.,  June  30, 
1908,  p.  1015;  Power,  Dec.,  1908,  p.  772. 

Burning  Sawdust:  Prac.  Engr.  U.  S.,  Jan.,  1910,  p.  48;  Power  ft  Engr.,  April  7, 
1908,  p.  536;  Oct.  13,  1908,  p.  613;  Jour,  of  Elec.,  Oct.,  1905. 

TABLE  7. 

HEAT   VALUES  OF  BAGASSE  AND  VARIATION  WITH    DEGREE  OF   EXTRACTION. 


il 

| 

i! 

Fiber. 

... 

Molluscs. 

Ed 

i" 

m 

1-- 

I 

8335 

5561 

1. 

Is* 

1 

| 

£  1 

1    ■ 

P 

if 

J     - 

So 

ij 

't.  r; 

e5 

"90 

0.00 

100.00 

S32B 

,-.-, 

1.68 
2.62 

119 

2465° 
2336 

85 

28.33 

66.67 

5562 

3.33 

240 

1.67 

116 

5900 

339 

80 

42.50 

50.00 

4160 

5.00 

361 

2.60 

174 

4697 

SOB 

4183 

3.34 

120 

2023 

75 

51.00 

40.00 

3330 

6.00 

433 

3.00 

209 

3972 

611 

3361 

4.17 

120 

1862 

70 

56.67 

33.33 

2775 

6.67 

482 

3.33 

2::: 

34  Sfl 

679 

2810 

4.98 

120 

1733 

G5 

60.71 

23.57 

2378 

7.15 

518 

3.57 

248 

3142 

727 

2415 

5.80 

131 

1612 

fid 

63.75 

25.00 

2081 

7.60 

541 

3.75 

261 

2883 

764 

Jll! 

8.61 

121 

1513 

55 

66.12 

22  '22 

1850 

7.78 

562 

270 

2682 

792 

1  V..II 

7.40 

121 

1437 

50 

68.00 

20.00 

[B6i 

S.OO 

678 

4.00 

278 

2521 

815 

1706 

8.21 

122 

1350 

4j 

19.61 

IS. IS 

1513 

8.18 

591 

4.09 

284 

2388 

833 

1555 

9.00 

132 

1284 

40 

7m   *:■ 

16.87 

1388 

8.33 

601 

4.17 

290 

tm 

SA'J 

1430 

9.79 

123 

1222 

25 

73.67 

13.33 

1110 

8.67 

626 1 .  ;u 

301 

2037 

883 

1154 

12.13 

124 

1077 

15 

75.01 

11.77 

680 

8.82 

637J4.41 

307 

1924 

899 

1025 

13.66 

134 

1002 

B 

76.50 

10,00 

833 

1    III! 

650  4.50 

313 

1785 

916 

879 

15.93 

906 

r  megass,  is  refuse  sugar  cane  and  is  used  as  a  fuel  on  the 
sugar  plantations.  Its  heat  value  dciiends  upon  the  proportions  of 
fiber,  molasses,  sugar  and  water  left  after  the  extraction.  The  heat 
furnished  by  the  different  constituents  is  about  as  follows:  Fiber, 
8325  B.t.u.  per  pound;  sugar,  7223  B.t.u.  per  pound;  and  molasses, 
695G  B.t.u.  per  pound.  Table  7  gives  the  heat  value  of  bagasse  and 
variation  with  the  degree  of  extraction.  A  typical  furnace  for  burning 
bagawie  is  shown  in  Fig.  5. 

Bagasse  as  Fuel:   Prac.  Engr.  U.  8.,  Jan.,  1910;   Engng.,  Feb.  18,  1910. 

Bagasse  Drying:   E.  W.  Kerr,  Louisiana  Bui.  V-     '"    *>ine,  1911, 
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Tanbark  is  usually  quite  moist;  the  amount  of  moisture  varies  with 
the  Reaching  process  used  and  averages  around  65  per  cent.  In  this 
condition  it  has  a  heat  value  of  about  4300  B.t.u.  per  pound.  If  per- 
fectly dry  its  heating  power  is  approximately  6100  B.t.u.  per  pound. 
As  in  the  case  of  all  moist  fuels,  tanbark  must  be  surrounded  by  heated 
surfaces  of  sufficient  extent  to  insure  drying  out  the  fresh  fuel  as  thrown 
on  the  fire.  A  successful  furnace  for  burning  tanbark  is  shown  in 
Fig.  6. 

Tanbark  as  a  Boiler  Fuel:  Jour.  A.S.M.E.,  Feb.,  1910,  p.  181;  Jour.  A.S.M.E., 
Oct.,  1909,  p.  951;  Prac.  Engr.  U.  S.,  Jan.,  1910. 

18.  Combustion.  —  By  combustion  is  meant  the  chemical  union  of 
the  combustible  material  of  a  fuel  and  the  oxygen  of  the  air.  Theo- 
retically the  process  is  a  simple  one,  as  it  is  only  necessary  to  bring 
each  particle  of  fuel  previously  heated  to  the  kindling  temperature  in 
contact  with  the  correct  amount  of  oxygen  and  the  combustion  will  be 
complete,  the  fuel  oxidizing  to  the  highest  possible  degree.  In  practice, 
however,  the  size  and  character  of  fuel,  type  of  furnace,  draft,  impuri- 
ties in  the  fuel,  and  the  mechanical  difficulties  affect  combustion  to 
such  an  extent  as  to  render  oxidation  more  or  less  incomplete. 

When  heat  is  applied  to  coal,  combustion  takes  place  in  three  separate 
and  distinct  stages: 

1.  Absorption  of  heat.  A  fresh  charge  of  fuel  when  thrown  on  a 
fire  must  first  be  brought  to  the  kindling  point  in  order  that  chemical 
action  may  take  place.  The  temperatures  necessary  to  cause  this 
union  of  oxygen  and  fuel  are  approximately  as  follows: 

Degrees  F.  Degrees  F. 

Lignite  dust 300  Cokes 800 

Sulphur 470  Anthracite  lump 750 

Dried  peat 435  Carbon  monoxide 1211 

Anthracite  dust 570  Hydrogen  1100 

Lump  coal 600 

(Stromeyer,  Marine  Boiler  Management  and  Construction,  p.  93.) 

2.  Vaporization  of  the  hydrocarbon  portion  of  the  fuel  and  its  com- 
bustion, the  hydrocarbons  consisting  principally  of  olefiant  gas,  C2H4, 
marsh  gas,  CH4,  tar,  pitch,  naphtha  and  the  like.  As  these  gases  are 
driven  off  they  become  mixed  with  the  entering  air,  and  the  carbon 
and  hydrogen  unite  with  the  oxygen,  forming  carbon  dioxide,  C02,  and 
water  vapor,  HjO,  respectively,  and  give  up  heat  in  doing  so.  If 
volatile  sulphur  is  present  it  unites  with  the  oxygen,  forming  sulphur 
dioxide,  SO*,  and  also  gives  up  heat,  but  its  presence  is  object ionable, 
as  the  SO*,  particularly,  in  the  presence  of  moisture,  attacks  the  metal 
of  the  furnace  and  boiler  and  causes  rapid  corrosion.    If  insufficient 
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oxygen  is  present  for  complete  oxidation,  the  carbon  may  burn  to  carbon 
monoxide,  CO,  and  only  a  small  portion  of  the  available  heat  be  liberated. 

3.  Combustion  of  the  solid  or  carbonaceous  portion  of  the  fuel. 
After  the  hydrocarbons  have  been  driven  off  and  oxidized  the  remain- 
ing solid  matter  is  composed  chiefly  of  carbon  and  ash.  The  carbon 
unites  with  the  oxygen,  forming  carbon  dioxide,  carbon  monoxide,  or 
both,  depending  upon  the  completeness  of  combustion.  The  ash,  of 
course,  remains  unconsumed. 

In  commercial  practice  the  requirements  for  perfect  combustion  are 
a  surplus  of  air,  a  thorough  mixture  of  the  fuel  particles  with  the  air, 
and  a  high  temperature.  The  surplus  of  air  above  theoretical  require- 
ments should  be  kept  to  a  minimum,  but  even  in  the  most  scientifically 
designed  furnace  some  excess  is  essential  on  account  of  the  difficulty 
of  properly  mixing  the  gases,  since  the  currents  of  combustible  gases 
and  air  are  apt  to  be  more  or  less  stratified.  The  products  of  com- 
bustion must  be  maintained  at  the  kindling  temperature  until  oxidation 
is  complete,  otherwise  the  carbon  will  1x3  wasted  as  carbon  monoxide 
or  as  smoke.  The  final  products  of  combustion  as  exhausted  by  the 
chimney  should  consist  only  of  carbon  dioxide,  water  vapor,  oxygen, 
nitrogen,  and  the  oxides  of  impurities  in  the  fuel. 

Prof.  Win.  A.  Bone  of  the  University,  Leeds,  England,  has  recently 
advocated  "flameless  incandescent  surface  combustion"  as  a  means  of 
greatly  increasing  the  general  efficiency  of  industrial  furnaces  wherever 
it  can  be  conveniently  applied.  (Eng.  News,  Jan.  18,  1912,  p.  96; 
Engineering,  April  14,  1911.) 

"The  distinguishing  and  essential  feature  of  the  new  process  is 
that  a  homogeneous  explosive  mixture  of  gas  and  air,  in  the  proper 
projjortions  for  complete  combustion,  is  caused  to  burn  without  flame 
in  contact  with  a  granular  incandescent  solid,  whereby  a  large  portion 
of  the  potential  energy  of  the  gas  is  immediately  converted  into  radiant 
form."  Prof.  Bone  claims  that  he  has  been  able  to  transmit  95  per 
cent  of  the  available  energy  of  gaseous  fuel  to  the  water  in  specially 
constructed  fire-tube  boilers.  For  a  description  of  the  apparatus  used 
see  paragraph  55. 

When  the  combustible  elements  unite  with  oxygen  they  do  so  in 
definite  proportions  called  the  molecular  weights,  which  are  always  the 
same,  and  the  union  produces  a  fixed  quantity  of  heat.  Thus,  in  the 
combustion  of  carbon  to  CO,  24  pounds  of  carbon  unite  with  32  pounds 
of  oxygen,  forming  50  pounds  of  CO;  hence  one  pound  of  carbon  will 
form 

O,  +  O,  =  21  +  32  =  2  34  pounds  Qf  CQ 
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The  heat  of  combustion  will  be  4380  B.t.u.  per  pound  of  carbon  thus 
consumed. 
In  the  burning  to  CO*  one  pound  of  carbon  will  form 

-^-75 = jrj =  3§  pounds  of  C02  and  liberates  14,540  B.t.u. 

Similarly,  in  burning  to  H20  one  pound  of  hydrogen  will  form 

2H,  +  Q2      2  X  2  +  32      __ 

— 2H =  — 2~X2 —  =     P°unds  of  Il2°- 

(The  exact  figures,  based  upon  the  relative  molecular  weights,   as 
adopted  by  the  International  Committee  on  Atomic  Weights,  are 

2  X  2.016  +  32 


2  X  2.016 


=  8.94  pounds. 


For  all  practical  engineering  purposes  the  use  of  the  exact  values  of 
the  molecular  weights  is  an  unnecessary  refinement  and  the  decimal 
factors  may  well  be  omitted.  In  the  ensuing  calculations  only  the  ap- 
proximate values  will  be  considered.)  If  the  products  of  combustion 
are  condensed  and  their  temperature  lowered  to  the  initial  temper- 
ature of  the  constituent  gases  the  heat  liberated  will  be  61,950  B.t.u. 
This  is  known  as  the  higher  heating  value.  If  the  products  of  com- 
bustion are  not  condensed,  which  is  the  usual  case  in  practice,  the 
latent  heat  of  vaporization  of  the  water  vapor  is  not  available.  The 
difference  between  the  higher  heating  value  and  the  unavailable  heat 
is  called  the  net,  or  lower  heating  value.  The  unavailable  portion  of  the 
heat  depends  upon  the  temperature  at  which  the  products  of  com- 
bustion are  discharged.  This  varies  with  practically  every  installa- 
tion. Thus,  one  pound  of  water  vapor  oscaping  uncondensed  in  the 
products  of  combustion  at  temperature  t\  degrees  F.,  will  carry  away 
approximately  (1090.7  +  0.455  h  —  t)  B.t.u.  above  initial  tempera- 
ture t  degrees  F.  of  the  constituent  gases.  (Carpenter  &  Diederichs, 
Exp.  Engng.,  1911,  p.  467.)  Since  one  pound  of  hydrogen  burns  to  ap- 
proximately 9  pounds  of  water  vapor,  the  lower  heating  value  h'  will 

be 

V  -  61,950  -  9  (1090.7  +  0.455  h  -  /)  B.t.u.,  (0) 

Many  attempts  have  been  made  to  adopt  a  standard  lower  heating 
value,  but  the  results  have  been  far  from  harmonious.  In  a  letter 
dated  Jan.  12;  1912,  and  addressed  to  the  author,  the  U.  S.  Bureau  of 
Standards  recommends  "that  the  quantity  to  be  subtracted  from  the  gross 
value  to  give  the  net  valve  be  taken  as  the  latent  heat  of  vaporization  at 
0  degrees  Centigrade,  of  the  water  formed  during  combustion,  and  of  that 
contained  in  the  fuel" 
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This  would  give  the  net  or  lower  heat  value  of  hydrogen  as 

61,950  -  9  (1073.4)  =  52,290  B.t.u. 

For  U  =  t  =  0°  C.  =  32°  F.,  formula  (0)  gives  the  same  result. 

In  the  ordinary  furnace  the  oxygen  is  obtained  from  the  atmosphere 
which,  neglecting  moisture  and  a  few  minor  elements,  contains  the 
following,  mechanically  mixed : 


By  Volume. 

By  Weight. 

Nitrogen 

79.04 
20.96 

76.80 
23.20 

Oxygen 

For  most  engineering  purposes  this  relationship  may  be  expressed: 


By  Volume. 

By  Weight. 

Nitrogen 

79 
21 

77 
23 

Oxvgen 

Hence,  in  the  combustion  of  one  pound  of  pure  carbon  the  products 
of  combustion  contain  not  only  3|  pounds  of  CO*,  but  }J  X.2J  =  8.92 
pounds  of  nitrogen,  giving  a  total  of  3j  +  8.92  =  12.58  pounds.  The 
nitrogen  performs  no  useful  office  in  combustion  and  is  supposed  to 
pass  through  the  furnace  without  change.  It  dilutes  the  products  of 
combustion  and  reduces  the  temperature. 

Table  8  gives  the  physical  and  chemical  properties  of  the  substances 
most  commonly  met  with  in  connection  with  combustion. 

19.  Calorific  Value  of  Coal.  —  The  heat  liberated  by  the  com- 
bustion of  unit  weight  of  fuel  is  called  the  calorific  value  of  the  fuel. 
The  most  rational  way  of  determining  the  heat  of  combustion  is  to 
burn  a  weighed  sample  of  coal  in  an  atmosphere  of  oxygen  in  a  suit- 
able calorimeter.  An  alternative  method  is  to  calculate  the  heat  of 
combustion  from  the  chemical  analysis.  An  analysis  which  determines 
the  per  cent  of  fixed  carbon,  volatile  matter,  moisture,  and  ash,  is  called 
the  proximate  analysis,  while  one  which  reduces  the  fuel  to  its  elemen- 
tary constituents  of  carbon,  hydrogen,  nitrogen,  sulphur,  moisture,  and 
ash  is  called  the  ultimate  analysis.  The  proximate  analysis  is  com- 
paratively easy  to  make  and  gives  the  general  characteristics  of  a  fuel. 
It  is  made  by  subjecting  the  sample  to  a  moderate  temperature  to 
expel  the  moisture,  then  to  a  higher  temperature  until  the  volatile 
matter  is  driven  off,  and  finally  to  a  very  high  temperature  which 
drives  off  all  carbon  as  carbon  dioxide  and  leaves  the  ash  as  a  residue. 
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By  weighing  the  residue  at  the  end  of  each  operation  the  various  per- 
centages may  be  computed.  For  method  of  making  proximate  analysis, 
see  "Report  of  Committee  on  Coal  Testing/ '  Journal  of  the  American 
Chemical  Society,  Vol.  21,  p.  1116.  For  method  of  making  both  prox- 
imate and  ultimate  analyses,  see  "Report  of  Coal  Testing  Plant," 
U.  S.  Geological  Survey,  No.  48,  Part  II,  1906,  and  "Method  of  Analyz- 
ing Coal  and  Coke,"  U.  S.  Bureau  of  Mines,  Technical  Paper,  No.  8, 
1912. 

TABLE  8. 

DATA  RELATIVE  TO  ELEMENTS  MOST  COMMONLY  MET  WITH  IN  CONNECTION  WITH 

COMBUSTION  OF  FUEL. 


Substance. 

Molecular 
Formula. 

• 

llelative 

Molecular 

Weight, 

Oxygen 

-32. 

26.02 

Chemieal  Reactions. 

Weight  per 
Pound  of  Sub- 
stance in  First 
Column. 

Oxygen. 

Air. 

Acetylene 

C*Ha 

2  C,H*4-5  G,=4  CO,+2  H,Q 

3.08 

13.35 

Air 

Ash 

Carbon 

Carbon 

C, 

C, 

CO, 

CO 

H2 

CH4 

Xt 

C2H4 

0, 

s, 

H20 

24.0 
24.0 
44.0 
28.0 
2.016 
16.03 
28.02 
28.03 
32.0 
32.07 
18.02 

2C+02  =  2C0 
2C+202=2C02 

1.33 
2.66 

5 .  78 
11.58 

Carbon  dioxide .... 

Carbon  monoxide.. . 
Hydrogen 

2CO+O2=2C02 
2H2+02  =  2H20 
CH,+2  02  =  C02+2  H20 

0.57 

8.0 

4.0 

2.47 
34.8 

Manh  gas 

17.4 

Nitrogen 

Olefiant  gas 

Oxygen 

C2H4+302=2C02+2H20 

3.43 

14.9 

Sulphur 

S*+202=2S02 

1.0 

4.32 

Water  vapor 

i     

Acetylene 

Air 

Aah 

Carbon 

Carbon 

Carbon  dioxide . . . 
Carbon  monoxide . 

Hydrogen 

Marsh  gas 

Nitrogen 

Olefiant  gas 

~       sn 

LUT 


Mean 

Specific 
Heat. 
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Density  and  Specific  Volume 
at  32°  F.,  and  14.7  Lbs.  per 
Sq.  In.' 


Weight  per 
Cu.  Foot. 


0.0725 

0.0807 


145  (solid) 

145  (solid) 

0.1227 

0.0781 

0.0056 

0.0447 

0.0783 

0.0781 

0.0802 

125  (Holid) 


Cu.  Feet 
per  Lb. 


13.79 
12.39 


8.15 
12.80 
177.9 
22.37 
12.77 
12.80 
11.21 


Heat  of  Combustion 
(Higher  Heat  Value) 
B.t.u.f 


Per  Pound. 


Per  Cu.  Foot 

at  32°  F.,  and 

14.7  Lbs. 


21,430 

1582 

4,380 

14,540 

4,380 
61,950 
23,840 

342 
315 

1067 

21,450 

lGSo 

4,020 


Water  vapor 

•  Smithsonian  tables.        t  Carpenter  and  Diederichs,  Exp.  Kng.,  191 1. 
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The  formula  most  commonly  used  in  calculating  the  heating  value 
of  a  fuel  is  based  on  the  ultimate  analysis  and  is  known  as  Dulong's 
formula.  This  is  based  on  the  assumption  that  the  oxygen  in  the  fuel 
and  enough  hydrogen  to  unite  with  it  may  be  considered  inert  and  the 
remainder  of  the  hydrogen  and  all  the  carbon  and  sulphur  may  be 
treated  as  free  elements,  thus: 

hd  =  14,540  C  +  61,950  (h  -^)  +  4020  S,*  (1) 

in  which 

hd  =  heating  value  in  B.t.u.  per  pound  of  fuel.. 

C,  H,  0,  and  S  refer  to  the  proportions  of  carbon,  hydrogen,  oxygen, 
and  sulphur,  respectively,  in  the  fuel. 

With  fuels  low  in  volatile  matter  values  calculated  by  means  of 
Dulong's  formula  agree  closely  with  calorimetric  determinations,  but 
may  be  in  considerable  error  for  fuels  having  more  than  20  per  cent 
of  volatile  matter. 

For  a  comparison  between  the  actual  heat  values  and  those  cal- 
culated by.  means  of  Dulong's  formula  for  various  coals,  see  Tables 

1  to  5. 

The  following  modification  of  Dulong's  formula,  as  developed  by 
Mahler,  gives  results  for  Pennsylvania  and  Ohio  coals  agreeing  within 

2  per  cent  of  calorimeter  determinations.     (Trans.  A.I.M.E.,  Feb., 

1897  ) 

Am  =  200C  +  675H-5400,  (2) 

in  which  C  and  H  are  in  per  cent. 

The  heating  value  of  certain  classes  of  coals  may  be  estimated  from 
the  proximate  analysis.  Thus,  for  Illinois  coals  with  ash  content 
under  10  per  cent,  R.  W.  Hunt  &  Co.  deduced  the  formula 

hh  =  14,544  C  +  16,515  V  -  10,000  A,  (3) 

in  which 

hh  =  B.t.u.  per  pound  of  coal. 

C,  V,  and  A  =  the  proportional  content  of  fixed  carbon,  volatile 

matter,  and  ash. 

When  ash  lies  between  10  and  15  per  cent,  the  formula  will  be  more 

accurate  if  written 

hh  =  14,544  C  +  16,515  V  +  354  A  -  1635.  (4) 

*  Dulong's  formula  is  usually  stated: 

(«)  Heating  value  per  pound  =  14,000  C  +  62,000  f  H  -  ~  J  +  4000  S. 

The  V.  S.  Geological  Survey  uses: 

(6)  Heating  value  per  pound  =  14,544  C  +  02,028  (h  -  2\  +  4050  S.  ; 
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Kent  ("Steam  Boiler  Economy,"  First  Edition,  p.  47)  deduced  from 
Mahler' 3  tests  of  European  coals  the  following  relationship  between 
the  approximate  heating  value  and  the  percentage  of  fixed  carbon  in 
the  combustible: 


Percentage  of  Fixed 

Carbon  inCoaJ, 

Dry  and  Free 

from  Ash. 

Heat  ins  Value 
B.t.u.  per  Pound 
of  Combustible. 

Percentage  of  Fixed 

Carbon  in  Coal, 

Dry  and  Free 

from  Ash. 

11  eat  ins  Value 
B.t.u.  per  Pound 
of  Combustible. 

100 

97 
94 
90 
87 
80 
72 

14,600 
14,940 
15,210 
15,480 
15,660 
15,840 
15,660 

68 
63 
60 
57 
55 
53 
51 

15,480 
15.120 
14.5S0 
14,040 
13,320 
12,600 
12,240 

Goutal  (Comptes  Rendus  de  PAcademie  des  Sciences,  Vol.  135, 
p.  477)  gives  carbon  a  fixed  value  and  considers  the  heat  value  of  the 
volatile  matter  a  function  of  its  percentage  referred  to  combustible: 

hg  =  14,760  C  +  aV,  (5) 


in  which 

K 

C 
V 
a 


B.t.u.  per  pound  of  coal. 

proportional  content  of  fixed  carbon  in  the  coal. 
proportional  content  of  volatile  matter  in  the  coal. 
coefficient  as  per  following  table: 


V 

v  +  c' 

a. 

V 

v  +  c' 

a. 

05 
10 
12 
14 
16 
18 
20 
22 
24 

26,100 
23,400 
22,350 
21,450 
20,750 
20,220 
19,620 
19.220 
18,790 

26 
28 
30 
32 
34 
36 
37 
38 

40 

i 

18,360 
17,980 
17,640 
17,300 
17.000 
16,680 
16,180 
15,300 
14,400 

. 

Kent's  and  Goutal's  methods  give  results  which  are  accurate  enough 
for  ordinary  work  when  applied  to  eastern  coals  within  their  range, 
but  they  apply  with  less  accuracy  to  the  coals  of  the  middle  west  and 
are  quite  unreliable  for  coals  in  the  far  west  and  north. 

Calorimetric  determinations  are  necessary  in  all  cases  where  accuracy  is 
Tyguired* 
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Tables  1  to  4  give  the  proximate  and  ultimate  analyses  and  the 
calorimetric  and  calculated  heat  values  for  a  number  of  American  coals. 

For  a  means  of  determining  the  hydrogen,  nitrogen,  total  carbon  and 
oxygen  content  of  coal  from  the  proximate  analysis,  see  "Ultimate 
Analysis  of  Coal,"  by  Prof.  L.  S.  Marks,  Power,  Dec,  1908,  p.  928. 

Fuel  Calorimeters:  See  paragraph  458. 

•*  Calorific  Value  of  Fuels:  Engr.,  London,  Feb.  17,  1911;  U.  S.  Geological  Survey, 
Bulletin  Xos.  261,  290,  323,  325,  332;  Jour.  Franklin  Inst.,  P.  Mahler,  Jan.,  1905; 
Prac.  Engr.,  U.  S.,  Jan.,  1910. 

Recent  Progress  in  Calorimelry:  Met.  and  Chem.  Engrg.,  Sept.,  1911;  Com- 
parison of  Calorimeters,  Jour.  Soc.  Chem.  Ind.,  22-1230,  23,704. 

20.  Air  Required  for  Combustion.  —  One  pound  of  carbon  in  burn- 
ing to  CO>  requires  2.66  pounds  of  oxygen  or  2.66  -£•  0.23  =  11.58 
pounds  of  dry  air.  It  may  be  shown  in  a  similar  manner  that  one 
pound  of  hydrogen  requires  34.8  pounds  of  dry  air.  Since  the  com- 
bustible portion  of  all  commercial  fuels  consists  chiefly  of  carbon  and 
hydrogen  the  theoretical  air  requirements  may  be  approximated  from 
the  ultimate  analysis  as  follows: 

^  =  11.58C  +  34.8(h  -  ^V  (6) 

in  which 

Ai  =  weight  of  dry  air  required  per  pound  of  fuel,  pounds. 

C,  H  and  O  =  proportional  part  of  dry  weight  of  carbon,  hydrogen 

and  oxygen  in  the  fuel. 

5  =  proportional  part  of  the  hydrogen  supplied  with  oxygen 

o 

from  the  fuel  itself.* 
Equation  (6)  is  commonly  written: 

A-wg  +  H-g-  (7) 

Example:  Required  the  theoretical  weight  of  dry  air  supplied  per 
pound  of  coal  as  fired  with  analysis  as  follows: 

Per  Cent.  Per  Cast. 

Carbon 65  Ash  and  Sulphur 13 

Hydrogen 5  Water 8 

Oxygen 8  Total 100 

Nitrogen 1 

*  This  term  ( H  —  ^  ]  does  not  contain  a  proper  correction  for  the  hydrogen 

contained  in  the  moisture,  for  not  all  of  the  oxygen  in  coal  is  combined  with  hydro- 
gen. Part  of  the  oxygen  is  probably  combined  with  nitrogen  in  organic  nitrates 
and  part  may  be  present  in  carbonates  in  mineral  matter  caught  in  the  coal.  The 
error  of  this  assumption,  however,  lies  within  the  accuracy  of  the  average  boiler 
observations. 
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Substituting  the  value  of  C,  H,  aud  O  in  equation  (6) 

A!  =  11.58  X  0.65  +  34.s(o.05  -  ^\  =  8.92  pounds, 

the  theoretical  weight  of  dry  air  necessary  to  burn  one  pound  of  coal 
as  fired. 

Since  the  coal  contains  8  per  cent  of  moisture  the  weight  of  dry  air 
required  per  pound  of  dry  coal  is 

^rs  =  9.69  pounds. 

The  water  and  ash  only  are  treated  as  incombustible,  therefore  the 
air  required  per  pound  of  combustible  is 

j^=^  =  11.29  pounds. 

Example:  Required  the  character  and  amount  of  the  products  of 
combustion  if  one  pound  of  coal,  as  per  following  analysis,  is  completely 
burned  with  the  theoretical  air  requirements. 

Per  Cent.  Per  C<snt. 

Carbon 65        Ash 12 

Hydrogen 5        Water 8 

Oxygen 8        Sulphur 1 

Nitrogen •    1        Total 100 

The  products  of  combustion  will  consist  of  C02,  N2,  H20,  a*sh,  and 
possible  SOj  or  S03,  thus: 

The  carbon  will  produce 0.65  X  ~  =     2.38  lbs.  of  CO* 

32      77 
The  air  for  the  carbon  will  liberate    .     0.65  X  ^  X  -.-,«  =    5.80  lbs.  of  X2 

The  available  hydrogen  will  produce  .    (o.05  -  °-^p)Q  =    0.36  lbs.  of  H20 

The  air  for  the  hydrogen  will  liberate 

( 0.05  -  ~Y  X  ^  =     1.07  lbs.  of  X, 

Hie  oxygen  and  inert  portion  of  the 

hydrogen  will  appear  as  vapor    ....   0.08  +  -^-  =    0.09  lbs.  of  H*() 

The  nitrogen  in  the  fuel  is  considered  inert  *     .    .    .    .  0.01  lbs.  of  X2 

The  moisture  will  appear  as  vapor 0.08  lbs.  of  H2() 

The  sulphur  t  is  usually  treated  as  ash  .    .  0.12-1-0.01=    0.13  lbs.  of  ash 

Total  products  of  combustion =    9.92  lbs. 

•  This  is  not  true  since  a  Urge  percentage  of  the  nitrogen  content  of  the  fuel 
appears  in  the  flue  gas  in  combination  with  other  elements,  but  the  amount  is  so 
small  compared  with  that  supplied  in  the  air  that  no  appreciable  error  arises  from 
the  assumption  that  it  remains  inert  and  passes  through  the  furnace  without  change. 

t  The  sulphur  content  is  ordinarily  so  small  t  hat  no  attempt  is  made  to  se 
the  volatile  and  non-volatile  constituents  and  the  whole  is  treated  as  ash. 
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The  distribution  of  the  elementary  gases  and  compounds  is  as  follows: 


c, 

H, 

0, 

N, 

Air. 

CO, 

H,0 

Ash. 

C  to  C02 

0.65 

0.04 
0.01 

1.73 
0.32 
0.08 

5.80 
1.07 

7.53 
1.39 

2.38 

Available  H  to  HjO 

0.36 
0.09 

0  and  inert  H  to  H2O 

Nitrogen  in  fuel 

0.01 

Moisture  in  fuel 

0.08 

Ash 

0.13 

Total 

0.65 

0.05 

2.13 

6.88 

8.92 

2.38 

0.53 

0.13 

The  weight  of  gaseous  products  is  9.92  —  0.13  =  9.79  pounds,  or  from 

the  table, 

0.65  +  0.05  +  2.13  +  6.88  +  0.08  =  9.79  pounds. 

The  weight  of  dry  gases  is 

9.79  -  (0.36  +  0.09  +  0.08)  =  9.26  pounds. 

The  weight  of  dry  air  supplied  is,  from  the  table,  8.92,  which  checks 
with  the  results  as  calculated  from  equation  (6). 

In  practice  the  amount  of  air  supplied  is  measured  directly  in  situ- 
ations where  such  measurements  can  be  readily  made,  or,  as  is  usually 
the  case,  it  is  calculated  from  the  flue-gas  analysis. 

Air  excess  is  essential  in  the  commercial  combustion  of  solid  fuels, 
and  the  gaseous  products  of  combustion  will  contain  O2  and  possible 
CO  in  addition  to  C02,  N2,  H20,  and  SO2,  as  obtained  from  perfect  com- 
bustion with  theoretical  air  supply. 

Example:  Required  the  amount  of  dry  air  supplied  per  pound  of 
coal,  as  per  preceding  analysis,  if  the  dry  flue  gas  resulting  from  the 
combustion  is  composed  of 

C02,     14  per  cent  by  volume. 
CO,    0.5  per  cent  by  volume. 

02,    6.0  per  cent  by  volume. 

N2,  79.5  per  cent  by  volume. 

Temperature  of  sample,  62  degrees  F.,  barometer  30  inches. 

The  weights  may  bo  determined  from  the  density  given  in  Table  8. 


Volume       X       Density        =      Weight. 

CO* 

( ),  

14 

6 

0.5 

0.1159 
0 . 0S43 
0 . 0737 

1 . 6226 
0 . 5058 
0.0368 

CO 

volatile  portion  is  to  be  considered  the  influence  of  the  SO.  or  SOs  in  the  flue  gas 
should  be  included  in  the  heat  balance.  Some  engineers  treat  one-half  the  sulphur 
as  volatile  and  the  balance  as  ash. 
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These  weights  may  be  subdivided  into  those  of  their  constituents, 
thus  the  CO2  contains  fa  of  carbon  and  fa  of  oxygen,  and  the  CO,  •}  of 
carbon  and  $  of  oxygen. 

fa  X  1.6226  =  1.1800  A  X  1.6226  =  0.4426 

*  X  0.0368  =  0.0210  *  X  0.0368  =  0.0158 

Free  oxygen  =  0.5058 

Pounds  of  oxygen      1.7068  Pounds  of  carbon      0.4584 

Weight  of  oxygen  per  pound  of  carbon,  >'    ^  =  3.72. 

Since  23  per  cent  of  air  by  weight  is  oxygen,  weight  of  dry  air  per 

3  72 
pound  of  carbon  =  ^^  =  16.2. 

Since  the  coal  used  contains  65  per  cent  carbon,  the  weight  of  dry 
air  supplied  for  the  carbon  is 

16.2  X  0.65  =  10.52  pounds. 
The  hydrogen  in  the  fuel  required, 

34.8^0.05  -  ^)  =  1.39  pounds. 

The  total  weight  of  dry  air  supplied  per  pound  of  coal  as  fired  is 

10.52+  1.39  =  11.91  pounds. 

The  total  weight  of  the  dry  products  of  combustion  per  pound  of 
coal  as  fired  is 

10.52  +  j^  X  1.39  +  0.65  +  0.01  =  12.25  pounds. 

It  should  be  noted  here  that  the  weight  of  air  theoretically  required 
to  burn  the  hydrogen  has  been  added  to  the  weight  actually  required 
to  bum  the  carbon  as  indicated  by  the  flue-gas  analysis.  While  this  is 
not  exactly  correct  the  error  is  within  the  accuracy  of  the  average  flue- 
gas  analysis. 

It  has  been  previously  shown  that  the  coal  in  question  requires 
8.92  pounds  of  air  for  theoretical  combustion,  hence  the  percentage  of 

air  excess  is 

tnA  11.91  -8.92 

100 qoo =  33.o  per  cent. 

The  following  method,  though  perhaps  not  as  readily  understood  as 
the  one  involving  the  densities  of  the  several  gases,  is  more  expedition*. 
It  is  based  on  the  principle  that  the  weight  of  an  elementary  { 
0^  or  Ni),  referred  to  hydrogen  as  unity,  is  proportional  to  its 
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weight,  and  that  the  vapor  density  of  a  compound  gas  (as  CO*  or  CO) 
is  proportional  to  one-half  its  molecular  weight. 

Thus  the  vapor  density  of  CO2  =  J(1?  +  2X  16)  =  22, 
and  the  vapor  density  of  CO  =  \  (12  +         16)  =  14. 

For  the  example  given  above: 

Weight  of  COa  referred  to  H  as  unity  =  14  X  22  =  308 
Weight  of  CO  referred  to  H  as  unity  =  0.5  X  14  =  7 
Weight  of     02  referred  to  H  as  unity  =     6  X  16  =    96 

Total        411 

Since  CO2  consists  of  -ft  of  carbon,  and  CO,  $  of  carbon, 
Weight  of  carbon  in  COa  =  A  X  308  =  84 
Weight  of  carbon  in  CO  =    $  X      7=3 

Total        87  ■ 

The  weight  of  oxygen  is  411  —  87  =  324. 

The  weight  of  oxygen  per  pound  of  carbon  =  W-  =s  3.72  pounds. 
The  weight  of  air  per  pound  of  carbon  =  3.72  -f-  0.23  =  16.2  pounds, 
as  found  by  the  previous  calculations. 

The  above  method  may  be  expressed  algebraically, 

2(CO,  +  Q)  +  CO 

Aa  =  5-8 — CO,  +  CO      '  (8) 

in  which 

A2  =  weight  of  dry  air  per  pound  of  carbon. 

C02,  CO,  and  O  =  percentages  by  volume  of  the  carbon  dioxide, 
carbon  monoxide,  and  oxygen  in  the  flue  gas. 

The  following  formula  is  based  upon  the  same  principle  as  equation 
(8).     iKent,  "  Steam  Boiler  Economy,"  First  Edition,  p.  33.) 

v    =  11C02  +  8Q  +  7(C0  +  N) 

^  3iC02  +  CO)  '  w 

in  which 

.V;  =  weight  of  dry  gas  per  pound  of  carbon,  other  notations  as  in  (8). 

The  7  X  in  equation  {9)  represents  the  X  supplied  by  the  air.     Since 
the  X  supplied  by  the  air  is  77  per  cent  of  the  weight  of  the  air,  we 

have 

A'  =  3  vca.  +  co)  *  °"  =  coT+co'  (10) 

in  which 

A4  =  the  weight  of  dry  air  supplied  per  pound  of  carbon. 
X,  CO.  CO.  =  percentages  by  volume  of  nitrogen,  carbon  monoxide, 
and  carbon  dioxide  in  the  flue  gas. 
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The  excess  of  air  supplied  per  pound  of  fuel  may  be  conveniently 
determined  from  the  relationship. 

Air  actually  required     __  N  ,**^ 

Air  theoretically  supplied      N  —  3.782  O 

N  and  O  are  respectively,  by  volume,  the  proportional  parts  of  the 
nitrogen  and  oxygen  in  the  flue  gas.  The  free  oxygen  is  due  to  the  air 
supplied  and  not  used.  This  oxygen  was  accompanied  by  3.782  times 
its  volume  of  nitrogen.  (N  —  3.782  O)  represents  the  nitrogen  con- 
tent in  the  air  actually  required  for  combustion.  Hence,  N  -*-  (N  — 
3.782  O)  is  the  ratio  of  the  air  supplied  to  that  required. 

The  various  methods  discussed  above  for  determining  the  weight  of 
air  supplied  give  practically  identical  results  for  pure  carbon,  but  vary 
considerably  for  fuels  containing  hydrogen.  For  fuels  containing 
hydrogen  and  combustible  elements  other  than  carbon  the  amount  of 
air  necessary  to  oxidize  them  should  be  added  to  the  carbon  require- 
ments in  determining  the  total  air  supply. 

TABLE  9. 

RATIO  OF  TOTAL  AIR  SUPPLIED  TO  THAT  THEORETICALLY  REQUIRED 

FOR  VARIOUS  ANALYSES  OF  FLUE  GASES. 

~  ..  N 


N-  3.7820 

X  =  70. 

N-79.5. 

X=80. 

X=80.5. 

N=81. 

X  =  81.5. 

X  =  82. 

00,+ CO. 

COj+CO 

COj+CO 

CO,-fCO 

C02+CO 

COj+CO 

CO,+  CO 

co2+co 

+  0=21. 

+O=»20.5. 

+  O=20. 

+0=19.5. 

+  0=19. 

+0=18.5. 

+  0=18. 

21 

1.02 
1.05 
1.11 
1.17 

20 

1.00 
1.08 
1.14 

1.00 
1.05 
1.10 

19 

1.02 
1.08 

1.00 
1.05 

18 

1.02 

1.00 

17 

1.24 

1.20 

1.17 

1.13 

1.10 

1.07 

1.05 

16 

1.32 

1.27 

1.23 

1.20 

1.16 

1.13 

1.10 

15 

1.40 

1.35 

1.31 

1.27 

1.23 

1.19 

1.16 

14 

1.51 

1.45 

1.39 

1.35 

1.30 

1.26 

1.23 

13 

1.62 

1.55 

1.50 

1.44 

1.39 

1.34 

1.30 

12 

1.76 

1.68 

1.61 

1.54 

1.49 

1.43 

1.38 

11 

1.92 

1.82 

1.74 

1.66 

1.60 

1.53 

1.48 

10 

2.11 

2.00 

1.90 

1.81 

1.72 

1.65 

1.59 

9 

2.35 

2.21 

2.08 

1.97 

1.88 

1.79 

1.71 

* 

2.65 

2.47 

2.31  . 

2.18 

2.06 

1.95 

1.86 

7 

3.03 

2.80 

2.59 

2.44 

2.27 

2.14 

2.03 

6 

3.55 

3.22 

2.96 

2.74 

2.54 

2.38 

2.24 

5 

4.27 

3.81 

3.44 

3.14 

2.89 

2.68 

2.50 

4 

5.37 

4.65 

4.11 

3.68 

3.34 

3.05 

2.83 

3 

7.23 

5.97 

5.10 

4.45 

3.96 

3.56 

3.25 

2 

11.06 

8.34 

6.71 

5.63 

4.85 

4.27 

3.82 

1 

23.51     > 

13.83    ' 

9.83 

7.64 

6.27 

6.12 

4.64 

The  weight  of  air  supplied  per  pound  of  carbon  in  the  fuel  mav  be 
roughly  determined  by  the  percentage  of  C02  in  the  flue  gas. 
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for  the  complete  oxidation  of  pure  carbon  without  air  excess,  the  re- 
sulting flue  gases  should  consist  of  carbon  dioxide  and  nitrogen  only, 
and  in  the  ratio  by  volume  of  21  to  79;  therefore  21  per  cent  of  CO2  in 
the  flue  gas  is  indicative  of  complete  combustion  and  theoretical  air 
supply.  In  other  words,  the  ratio  by  volume  of  CO2  to  N  after  com- 
plete combustion  is  practically  the  same  as  the  ratio  of  the  oxygen  to 
the  nitrogen  in  the  air  before  combustion.  This  applies  only  to  the 
combustion  of  pure  carbon.  For  fuels  high  in  volatile  matter  the  per 
cent  of  C02  in  the  flue  gas  for  complete  combustion  with  theoretical 
air  requirements  is  less  than  21  per  cent,  since  the  oxygen  which  com- 
bines with  the  hydrogen  to  form  H20  does  not  appear  in  the  sample  of 
flue  gas  as  ordinarily  tested;  thus  for  heavy  crude  oil  the  correspond- 
ing maximum  content  of  CO2  is  approximately  16  per  cent. 

Table  10  gives  the  weight  of  air  per  pound  of  carbon  for  different 
percentages  of  C02  in  the  flue  gas.  For  fuels  rich  in  volatile  matter 
these  figures  may  be  in  considerable  error.  The  per  cent  of  CO2  in 
the  flue  gas,  however,  is  an  excellent  index  to  the  efficiency  of  com- 
bustion for  any  fuel.     See,  also,  Table  19. 

In  coal-burning  practice,  from  15  to  16  per  cent  of  CO2  is  all  that  can 
be  expected  under  the  best  conditions,  with  an  average  between  10  per 
cent  and  12  per  cent.  Anything  less  than  10  per  cent  shows  an  ex- 
cessive amount  of  air  supplied.  Traveling  grates  unless  carefully 
operated  are  apt  to  show  as  low  as  5  per  cent  of  CO2. 

TABLE  10. 

WEIGHT  OF  AIR  PER  POUND  OF  CARBON  AS  INDICATED  BY  THE  PERCENTAGE  OF 

CO.  IN  THE  FLUE  GAS. 


Per  Cent  of 
CO,. 


21 
20 

19 
IS 
17 
16 
15 


Pounds  of 
Air. 


12 

12  6 

13.3 

14 

14.8 

15 .7 

16.8 


Per  Cent  of     | 

Pounds  of 

1     Per  Cent  of 

Pounds  of 

co2.         1 

1 

Air. 

'        co2. 

il 

Air. 

« 

18 

•  1 

■!     7 

36 

13          1 

19.4 

6 

42 

12          ! 

21 

5 

60.5 

11           1 

22  9 

4 

63 

10         1 

25.2 

;l       3 

84 

9          1 

28 

1       2 

126 

8          1 

1 

31.5 

,i       1 
11 
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Th*x  l»rtH*rtance  of  CO*,  as  an  Index  to  Combustion  and  in  Connection  ivith  Flue 

iT,m  r.-":vn::un\  to  Boiler  Efficiency:  Trans.  A.S.M.E.,  32-1215.     Flue  Gas  Analysis 

trui    *  r.\-«;\:*M»is«;    Power,  Aug.  9,  1910;    Eng.  Review,  Aug.,  1910.     Real  Relation 

r    "' '•  i»  «*iiftvy  Lt>$sf$:  Power,  Dec.  7,  1909,  p.  969.    Sampling  and  Analysis  of 

"••■— w    \»o.    Ftawr.  Aug.  22,  1911,  p.  282.  .   ^ 

>w  tifiu  paragraphs  452—156. 
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21.  Temperature  of  Combustion.  —  The  actual  temperature  incident 
to  the  combustion  of  a  fuel  is  most  satisfactorily  determined  by  means 
of  a  suitable  thermometer  or  pyrometer.  The  theoretical  temperature 
of  combustion  may  be  calculated  from  the  simple  relationship 

*  -  £ + ''  (12) 

in  which 

ii  =  final  temperature  of  the  products  of  combustion,  degrees.  F. 
h  =  low  calorific  value  of  the  fuel,  B.t.u.  per  pound. 
s  —  mean  specific  heat  of  the  products  of  combustion. 
10  =  weight  of  the  products  of  combustion,  pounds  per  pound  of  fuel. 
t  =  initial  temperature  of  the  fuel  and  air  supply,  degrees  F. 

Thus,  in  the  combustion  of  one  pound  of  carbon  with  theoretical  air 
requirements,  initial  temperature  62  degrees  F.,  the  maximum  theo- 
retical temperature  will  be 

14  540 
11  =  12  58X  0  29  +  62  =  4000  dcerecs  F-  (approx.). 

No  such  temperature  has  ever  been  obtained  in  practice  from  the 
combustion  of  carbon  in  air.  The  discrepancy  between  actual  and 
calculated  results  is  attributed  to  (1)  difficulty  of  effecting  complete 
combustion  with  theoretical  air  supply,  (2)  radiation. losses,  (3)  error  in 
the  assumed  value  of  the  mean  specific  heat  at  this  high  temperature, 
and  (4)  uncertainty  of  the  proportion  of  the  calorific  value  of  the  fuel 
available,  at  this  high  temperature,  for  increasing  the  temperature  of 
the  products  of  combustion. 

An  inspection  of  equation  (12)  will  show  that  the  greater  the  weight 
of  the  products  of  combustion  for  a  given  weight  of  fuel,  the  lower 
will  be  the  temperature  of  combustion.  Evidently,  for  maximum  tem- 
perature the  weight  of  air  supplied  per  pound  of  fuel  should  be  kept 
as  low  as  possible,  consistent  with  complete  combustion.  A  perfect 
union  of  fuel  and  air  in  theoretical  proportions  is  almost  impossible, 
and  to  insure  complete  combustion  an  excess  of  air  is  necessary.  The 
influence  of  air  dilution  on  temperature  of  combustion  is  best  illustrated 
by  a  practical  example: 

Required  the  theoretical  temperature  of  combustion  of  carbon  in  air 
if  50  per  cent  air  excess  is  necessary  for  complete  combustion.  Since 
the  complete  oxidation  of  one  pound  of  carbon  requires  11.58  pounds 
of  air,  the  weight  of  the  products  of  combustion  will  be  11.58  +  0.5  X 
11.58  +  1  =  18.37  pounds  and  the  final  increase  in  temperature  will  be 

14  540 
h  =  18  37X0  27  =  300°  deSrees  F'  (approx.). 
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The  values  of  the  mean  specific  heat  (s  =  0.29  and  s  =  0.27)  used  in 
the  preceding  computations  are  based  upon  the  investigations  of  Pier, 
Holburn  and  Henning,  and  Langen,  as  compiled  by  Prof.  G.  B.  Upton  of 
Cornell  University.*  Upton  recommends  the  following  equations  in 
this  connection: 

For  Ns  and  CO,«  =  0.243  +  0.000019  (,  (13) 

Ok,  s  =  0.216  +  0.000014  t,  (14) 

H„  a  =  3.369  +  0.00055  (,  (15) 

Air,  a  =  0.237  +  0.000019  (,  (16) 

CO,,  s  =  u.2+75XlfrH,«-21X10-,,(H-2.2Xl0-wP,         (16a) 
H,0,s  =  0:452+7.4X10-*(+92.6X10H»(l-20.6X10->*(',(16b) 
in  which 

s  =  mean  specific  heat  at  constant  atmospheric  pres- 
sure and  temperature  range  0  degrees  C.  to  I 
degrees  C. 
I  =  maximum  temperature,  degrees  C. 
Between  1000  degrees  C.  and  1500  degrees  C.  the  results  are  un- 
certain and  dependence  can  be  placed  in  only  the  first  two  significant 
figures  in  the  decimal.     Beyond  1500  degrees  C.  the  results  are  purely 
conjectural  since  experiments  have  not  been  made  at  these  high  tem- 
peratures. 


The  application  of  the  formulas  for  the  mean  specific  heats  at  high 

temperatures  to  equation  (12)  necessitates  laborious  calculations,  and 

shut'  the  results  are  only  approximate  at  the  best  extreme  refinement 

in  calculation  is  without  purpose.     The  curves  in  Fig.  7  are  plotted  \ 

"  "  Eijwriiuentttl  Engineering,"  C;ir[>ent<;r  and  Diederichs,  1911,  p.  865. 
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from  the  above  equations,  and  afford  a  means  of  approximating  the 
mean  specific  heat  without  the  labor  of  solving  the  equations. 

If  the  mean  specific  heats,  *i,  sj  .  .  .  snf  and  weights,  wi,  wo  .  .  .  wn, 
of  the  constituent  gases  of  a  compound  are  known  the  mean  specific 
heat,  8,  of  the  compound  may  be  determined  as  follows: 

WiSi  +  W2S2    -    .    .    +  WnSn  n  „, 

8=    : (1/) 

Wi  +  W*    .    .    .    +  Wn 


The  mean  specific  heat  between  any  two  temperatures,  t\  and  /,  may 
be  determined  by  substituting  {t\  +  t)  for  t  in  above  equation  for  the 

I         mean  specific  heat  between  zero  and  t  degrees. 
ZZ.  Heat  Losses    In    Burning    Coal.  —  A  boiler  in  order  to  entirely 
•  utilize  the  heat  of  combustion  of  the  fuel  must  be  free  from  radiation 

I  and  leakage  losses,  the  fuel  must  be  completely  oxidized  and  the  prod- 
I  ucts  of  combustion  must  be  discharged  at  atmospheric  temperature. 
f  Commercially  such  conditions  are  unobtainable,  hence  complete  utili- 
sation of  the  heat  generated  is  impossible.  A  boiler  which  utilizes 
83  per  cent  of  the  heat  value  of  the  fuel  is  exceptional  and  an  average 
figure  for  very  good  practice  is  not  far  from  75  per  cent.  The  various 
losses  may  be  summed  up  as  follows: 

I  1.  Loss  in  the  dry  chimney  gases. 

2.  Loss  due  to  incomplete  combustion. 

3.  Loss  of  fuel  through  the  grate. 

4.  Superheating  the  hygroscopic  moisture  in  the  air. 

5.  Moisture  in  the  fuel. 

I  6.  Loss  due  to  the  presence  of  hydrogen  in  the  fuel. 

I  7.   Unburned  fuel  carried  beyond  the  combustion  chamber  in  the 

form  of  soot  or  smoke. 
8.  Radiation  and  minor  losses. 

Some  of  these  losses  are  preventable.  Others  are  inherent  and  can- 
not be  avoided. 

a.  Loss  In  the  Dry  Chimney  Gases.  —  This  loss  depends  upon  the 
type  and  proportion  of  the  toiler  and  setting  and  upon  the  rate  of 
driving.     It  is  usually  the  greatest  of  all  the  losses.     The  heat  carried 

away  may  be  expressed: 

h  =  W  (lc  -  t)c.  (18) 

I  in  which 

hi  =  B.t.u.  lost  per  pound  of  fuel, 
W  =  weight  of  dry  chimney  gases  per  pound  of  fuel. 
U  =  temperature  of  the  escaping  gases,  degrees  F. 
t  =  temperature  of  the  air  entering  the  furnace. 
^         c  =  mean  specific  heat  of  the  dry  gases.     (This  may  l>e  taken  ai 

0.24  for  most  purposes.) 
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nt  practice  it  is  not  far  from  12  per  cent  ■ 

m  20  to  25  per  cent.     In  exceptional  coses 

9  per  cent  has  been  recorded.     (Jour.  A.S 


"the  magnitude  of  the  losses  for  different  ch 
sights  of  air  per  pound  of  combustible. 
complete  Combustion.  —  If  the  volatile  gases  a 
»  as  when  the  air  supply  is  insufficient  or  tin 
is  is  not  thorough,  some  of  the  carbon  may  i 
£>*"  ^>lr».e  hydrocarlxjns  may  also  pass  through  the  ft 
•^jS^^Ti-^d.  (See  Table  12.)  The  presence  of  even  a 
—  -  ^»ir~  V^  "fclie  flue  gas  is  indicative  of  a  very  appreciabli 
^r%'  £s*~\&<*-  torn  Table  14.  Carbon  monoxide  is  a  colorle: 
5  ^^-*^.C&  ™  *ne  chimney  gases  cannot  be  detected  by  th 
-^•^^  ^Titly  the  absence  of  smoke  is  not  an  infallible  gui< 
&^*-*i  .^^tVon.  Since  the  heat  of  combustion  of  C  to  CO  : 
^--*rtc:*-         gainst  14,540  B.t.u.  for  complete  combustion  of  C  t< 


fc>e  expressed 
A»  =  C 


(14,540  -  4380)  CO 


COs4 
10,160  CO 
"      COs  +  CO ' 

^ixo  loss  in  B.t.u.  per  pound  of  fuel, 
_   proj>ortional  part  of  carbon  in  the  fuel, 
_«<!  CO  are  percentages  by  volume  of  the  flue  gases. 
TABLE  12. 

ANALYSIS  OF  CHIMNEY  GASES. 
Yiittso  for  Tasting  Smote-prevenlinj  Appliances!.  Manchester,  J-JuBlaml,  I 
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RELATION  OF  ■ 


TABLE  13. 

3  AND  COMBUSTION-CHAMBER  TEMPERATURES. 
ID.  S.  Geological  Survey). 


Per  Cent  of  Blac 

k_h 

0         Ota  10 

10K.20 

20  to  30 

30  to  40 

40  to  SI 

So  to  CO 

Number  o(  testa 

J7I         IS 

58 

11 

24  7 
0.14 

1003 

3fl 
34  7 

a. 21 

11  41 

0.33 
13  41 

Average  per  cent  of  CO  in  flue  ga.w 

a. 00 

T.l 

55  6 
0.33 

Number  of  testa  * 

Average  combustinc-chamber  temperature 

,1 

™ 

2357 

43 
2113 

32 
2450 

17 
24  K 

2617 

This  loss  may  be  reduced  to  a  negligible  quantity  in  a  properly  designed 
and  carefully  operated  furnace.  In  fact  the  loss  from  this  cause  is 
often  exaggerated  and  seldom  exceeds  2  per  cent  of  the  total  heat  value 
of  the  fuel  except  during  the  few  moments  following  the  replenishing 
of  a  burned-down  fire  with  fresh  fuel  or  when  the  supply  of  air  is  checked 
to  meet  a  sudden  reduction  in  load.  In  improperly  designed  furnaces 
in  which  the  volatile  gases  are  brought  into  contact  with  the  cooler 
boiler  surface  before  combustion  is  complete,  the  carbon  monoxide  may 


Flo.  - 

be  reduced  in  temperature  Ix'low  its  ignition  point  and  consequently 
will  fail  to  combine  with  the  oxygen.  In  such  a  case  the  loss  may 
prove  to  lie  a  serious  one.  Fig.  8  shows  the  relation  bet  weeny  Die  com- 
position of  the  products  of  combustion  in  the  rear  coinhustiijpE  chamber 
of  n  2o0-horsu-power  Heine  boiler,  hiunl-fired,  and  the  *  tore  at 
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the  same  place.     (For  an  extended  discussion  of  this  subject  see  Jour. 
West.  Soc.  Engrs.,  June,  1907,  p.  285.) 

25.  Loss  off  Fuel  through  Grate. —  The  refuse  from  a  fuel  is  that 
portion  which  falls  into  the  pit  in  the  form  of  ashes,  unburned  or  partially 

TABLE  14. 

LOSS    DUE  TO   INCOMPLETE   COMBUSTION   OF   CARBON  TO   CARBON 

MONOXIDE. 


• 

s 

9 

> 

>» 

.0 

a 

o 

c 

3 

£ 

V 

jta 

«• 

e 

8 

0 

— 

£ 

Per  Cent  of  COa  in  the  Flue  Gas  by  Volume. 

6 

8 

10 

12 

14 

16 

0.2 

828 

2.2 

248 

1.7 

199 

1.3 

168 

1.1 

144 

1 

126 

0.8 

0.4 

635 

4.3 

484 

3.3 

390 

2.6 

327 

2.2 

282 

1.9 

248 

1.7 

0.6 

925 

6.3 

709 

4.8 

575 

3.9 

474 

3.2 

417 

2.8 

367 

2.5 

0.8 

1192 

8.1 

923 

6.3 

750 

5.1 

635 

4.3 

549 

3.7 

495 

3.4 

1.0 

1494 

10.2 

1128 

7.7 

923 

6.3 

780 

5.3 

676 

4.6 

596 

4.1 

1.2 

1690 

11.5 

1321 

9 

1085 

7.4 

923 

6.3 

801 

5.4 

708 

4.8 

1.4 

1920 

13.1 

1512 

10.3 

1248 

8.5 

1061 

7.2 

924 

6.3 

819 

5.6 

1.6 

2104 

14.3 

1693 

11.5 

1400 

9.5 

1193 

8.1 

1040 

7.1 

924 

6  3 

1.8 

2340 

16 

1865 

12.7 

1549 

10.5 

1321 

9.0 

1151 

7.8 

1025 

7 

2.0 

2537 

17.2 

2030 

13.8 

1690 

11.5 

1450 

9.9 

1270 

8.6 

1129 

7.7 

Large  type  gives  the  loss  in  B.t.u.  per  pound  of  carbon.     Small  type  gives  the 
per  cent  loss,  assuming  a  calorific  value  of  14,540  B.t.u.  per  pound  of  carbon. 

burned  fuel,  and  cinders.  The  loss  from  this  cause  depends  upon  the 
sue  of  the  fuel,  the  width  of  opening  in  the  grate  bars,  and  the  type  of 
grate.  Coal  which  necessitates  frequent  slicing  is  apt  to  give  greater 
lo8B  than  a  free-burning  coal.  Under  good  conditions  of  operation  it 
ought  npt  to  exceed  4  per  cent  of  the  total  heat  value  of  the  fuel.     In 
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traveling  grates  in  which  a  large  percentage  of  the  fine  fuel  falls  through 
the  front  end  of  the  grate  a  special  hopper  is  ordinarily  installed  in  the 
ash  pit  which  reclaims  most  of  it.     (See  Fig.  102.) 

If  he  =  calorific  value  of  combustible  in  the  dry  refuse, 
y  =  percentage  of  combustible  in  the  dry  refuse, 
a  =  percentage  of  ash  in  the  coal  as  fired, 
hz  =  heat  loss  in  the  refuse,  B.t.u.  per  pound  of  coal  as  fired, 

ht  =  m{ioo^}  (20) 

Since  the  heat  balance  is  only  an  approximation  at  the  best  the  calorific 
value  of  the  combustible  in  the  refuse  may  be  taken  as  that  of  the 
combustible  fired. 

26.  Superheating  the  Moisture  In  the  Air.  —  The  loss  due  to  this 
.cause  is  a  minor  one,  though  on  hot,  humid  days  it  may  be  appreciable. 
This  loss  may  be  expressed 

hA  =  Mc  {ic  -  0,  (21) 

in  which 

h4  =  B.t.u.  lost  per  pound  of  fuel, 

M  =  weight  of  moisture  introduced  with  the  air  per  pound  of  fuel, 
c  =  mean  specific  heat  of  water  vapor,  t  to  te  degrees  F., 
t  =  temperature  of  air  entering  the  furnace,  degrees  F., 
tc  =  temperature  of  chimney  gases,  degrees  F., 

M  =  zwvA,  (22) 

in  which 

z  =  relative  humidity  (see  paragraph  271), 

w  =  weight  of  1  cubic  foot  of  water  vapor  at  t  degrees  F.  (this  may 
be  taken  directly  from  steam  tables), 

v  =  volume  of  1  pound  of  dry  air  at  t  degrees  F.,  cubic  feet, 
A  =  weight  of  dry  air  supplied  per  pound  of  fuel. 

27.  Moisture   In    the   Fuel.  —  Moisture    in  the  fuel  represents  an 

appreciable  loss  in  economy  if  present  iri  large  quantities,  since  the 
heat  necessary  to  evaporate  it  into  superheated  steam  at  chimney 
temperature  is  lost.  Firemen  occasionally  wet  the  coal  to  assist  coking 
or  to  reduce  the  dust,  but  moisture  thus  added  necessarily  reduces 
the  theoretical  furnace  efficiency.  Under  certain  conditions  wet  coal 
may  give  a  higher  evaporation  than  dry  coal.  (See  paragraph  102.) 
The  loss  due  to  evaporating  the  moisture  may  be  expressed 

/*5  =  W  (1150.4  -  ci  (I  -  32)  +  c%)*  (23) 

=  W  (1182.4  -t  +  c't,)f  (24) 

*  For  nil  purposes  cx  may  be  taken  as  unity  and  in  the  following  calculations 

and  equations  it  has  been  considered  as  such. 
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in  which 

Jit  =  B.t.u.  lost  per  pound  of  fuel, 
1130.4  =  total  heat  of  one  pound  of  saturated  steam  above  32  de- 
grees F.  at  atmospheric  pressure, 
C\  =  mean  specific  heat  of  water,  32  to  t  degrees  F., 
W  =  weight  of  moisture  per  pound  of  fuel, 
d  =  mean  specific  heat  of  water  vapor,  212  to  tc  degrees  F., 
t  =  temperature  of  the  fuel, 
tc  as  in  equation  (21), 
U  =  degree  of  superheat  =  (te  —  212). 

Carpenter  and  Diederichs  ("Experimental  Engineering,' '  1911,  p.  467) 
give  this  heat  loss  as 

h6  =  W  (1090.7  +  0.455  tc  -  0.  (25) 

The  difference  in  results  between  the  two  formulas  is  less  than  f\  of 
one  per  cent  for  ordinary  conditions  of  practice. 

28.  Loss  due  to  the  Presence  of  Hydrogen  In  the  Fuel.  —  The  hydro- 
gen in  any  fuel  which  is  not  rendered  inert  by  oxygen  burns  to  water 
and  in  so  doing  liberates  61,950  B.t.u.  per  pound.  All  of  this  heat  is 
not  available  for  producing  steam  in  the  boiler,  since  the  water  formed 
by  combustion  is  discharged  with  the  Sue  gases  as  superheated  steam 
at  chimney  temperature.    This  loss  is  equal  to 

J«  =  9fl  (1182.4  -  t  +  c'O,  (26) 

in  which  h%  =  B.t.u  lost  per  pound  of  fuel, 

H  =  weight  of  hydrogen  per  pound  of  fuel. 

All  other  notations  as  in  equations  (24)  and  (25). 

With  anthracite  coal  this  loss  is  approximately  2.5  per  cent  of  the 
total  heat  value  of  the  combustible  and  with  bituminous  coal  it  runs  as 
high  as  4.5  per  cent. 

M.  Loss  due  to  Smoke.  —  Visible  smoke  consists  of  carbon  in  a 
flocculent  state  and  ash  mixed  with  the  products  of  combustion.  It  is 
seldom  evident  in  connection  with  anthracite  coal  and  is  generally 
associated  with  bituminous  fuel.  A  smoky  chimney  does  not  neces- 
sarily indicate  an  inefficient  furnace,  since  the  losses  due  to  visible 
smoke  generation  seldom  exceed  2  per  cent;  as  a  matter  of  fact,  a  smoky 
chimney  may  be  much  more  economical  than  one  which  is  smokeless. 
That  is  to  say,  a  furnace  operating  with  minimum  air  supply  may 
cause  dense  clouds  of  smoke  and  still  give  a  higher  evaporation  than 
one  made  smokeless  by  a  very  large  excess  of  air.  There  will  be  some 
Ion  due  to  carbon  monoxide,  unburned  hydrocarbons  and  soot  in  the 
former  case,  but  this  may  be  ■         *han  offset  by  the  excessive  losses 
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caused  by  the  heat  carried  away  in  the  chimney  gases  in  the  latter. 
The  amount  of  combustible  in  the  soot  and  cinders  deposited  on  the 
tubes  and  in  various  parts  of  the  setting  seldom  exceeds  two  per  cent 
of  the  calorific  value  of  the  fuel. 

Smoke  has  become  such  a  public  nuisance,  particularly  in  the  larger 
cities,  that  special  ordinances  prohibiting  its  production  have  been 
enacted  and  violators  are  subject  to  heavy  fines.  Effective  enforce- 
ment of  these  ordinances  renders  smoke  production  very  costly  and 
the  problem  of  smokeless  combustion  becomes  a  momentous  one. 

The  subject  of  smoke  prevention  and  smoke-prevention  devices  is 
discussed  at  some  length  in  Chapter  V. 

30.  Radiation  and  Minor  Losses.  —  These  losses  are  usually  deter- 
mined by  difference.  That  is,  the  difference  between  the  heat  repre- 
sented in  the  steam  and  the  losses  just  mentioned  is  charged  to  radiation, 
leakage,  and  unaccounted  for.  Summing  up  the  various  losses  we  have 
as  a  rough  approximation 


Poor 
Practice. 
PerCent. 


Heat  given  to  steam 

Loss  in  chimney  gases 

Loss  due  to  carbon  burning  to  CO    

Loss  of  fuel  through  grate 

Loss  due  to  moisture  in  coal,  moisture 

in  air,  and  hydrogen  in  fuel 

Smoke,  soot,  etc 

Radiation  and  minor  losses  


Excellent 

Good 

Average 

Practice. 

Practice. 

Practice. 

Percent. 

Per  Gent. 

Per  Gent. 

80 

70 

60 

12 

18 

24 

0 

1 

2 

0.5 

1 

2 

3.0 

3 

3 

0 

0.5 

1 

4.5 

6.5 

8 

50 

30 

3 

3 


3.5 
1.5 
9 


The  above  heat-loss  distribution  refers  specifically  to  boilers  in  con- 
tinuous operation.  In  many  situations,  particularly  in  large  central 
stations,  a  considerable  portion  of  the  boiler  equipment  is  held  in  re- 
serve for  peak  loads  and  as  a  consequence  the  boilers  are  in  actual  oper- 
ation but  a  short  period  during  the  day.  The  coal  burned  in  banking 
the  fires  in  order  to  hold  the  boilers  in  readiness  is  charged  to  standby 
losses.  These  losses  include  the  coal  required  to  start  up  cold  boilers, 
the  heat  discharged  in  "blowing  off,"  the  fuel  lost  in  cleaning  fires  and 
in  shutting  down.  The  magnitude  of  standby  losses  depends  upon 
the  size  and  character  of  the  boiler  equipment  and  the  condition  of 
operation,  and  may  range  from  5  per  cent  to  15  per  cent  or  more  of  the 
total  heat  generated  (yearly  basis). 

Example:   Calculate  the  various  heat  losses  from  the  following  data: 
Heat  absorbed  by  the  boiler,  76  per  cent  of  t*  "  *  value  of  the 

coal  as  fired. 
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Analysis  of  coal  as  fired: 

Per  Cent.  Per  Cent. 

Carbon 65        Ash  and  sulphur 13 

Oxygen 8        Water 8 

Hydrogen 5        Nitrogen 1 

Calorific  value  as  fired,  11,850  B.t.u. 

Flue-gas  analysis: 


CO, 

o, 


Per  Cent. 

.      14 

6 


Per  cent. 

CO 0.5 

N 79.5  (by  difference) . 


Temperature  of  air  entering  furnace,  70  degrees  F.;  tem]3erature  of 
flue  gases,  470  degrees  F.;  temperature  of  the  steam  in  the  boiler,  340 
degrees  F.;  relative  humidity  of  air  entering  furnace,  80  per  cent; 
combustible  in  the  dry  refuse,  20  per  cent. 

The  heat  distribution  may  be  referred  to  the  coal  as  fired,  dry  coal 
or  combustible.    In  this  problem  it  is  referred  to  the  coal  as  fired. 

DISTRIBUTION  OF  ACTUAL  HEAT  LOSSES  PER  POUND  OF  COAL  AS  FIRED. 

(Calorific  Value  of  Coal  as  Fired,  11.850  B.t.u.) 


B.t.u. 

Per  Cent. 

0.  Heat  absorbed  bv  the  boiler,  0.76X  11,850 

9006 
1176 

227 

487 

27 

98 

554 
275 

76.00 

1.  Loss  in  the  dry  chimney  gases, 

*i  =  12.25*  (470  -  70)0.24  (equation  18) 

9.92 

2.  Loss  due  to  incomplete  combustion, 

&       A  fiE  10,160  X  0.05  ,         ..      1ft, 

As  —  0.65     . ,   .  ^  „m —  (equation  19) 

1.91 

3.  Loss  in  combustible  in  refuse, 

.        11,850  +  0.79  /  20  X  13  \  ,         ..      „ 

h%  «  — - — t-z^z 1  tzz? — ^  1  (equat  ion  20) 

4.11 

ioo      \ioo  —  2oy    f 

4.  Loss  due  to  moisture  in  the  air, 

A«=0.8x0.00115X  13.3X  11.91*  X0.46  (470-70)  (eq.22).. . 

5.  Loss  due  to  moisture  in  the  coal, 

A.-0.08  [(1182.4  -  70)  +  0.46  (470  -  212)]  (equation  24) . . 

6.  Loss  due  to  hydrogen  in  the  fuel, 

k  »9  X  0.05  [(1182.4  -  70  +  0.46  (470  -  212)]  (eq.  26)  . 

7.  Radiation  and  unaccounted  for  (bv  difference) 

0.23 

0.S3 

4.67 
2.33 

Total 

11,850 

100.00 

*  Bee  third  example,  paragraph  20. 

The  inherent  or  unpreventable  losses  may  be  summarized  as  follows: 

1.  Heat  absorbed  by  the  theoretical  weight  of  dry  chimney  gases  in 
being  heated  from  boiler  room  to  boiler  steam  temperature. 

2.  Heat  required  to  evaporate  and  superheat  the  moisture  in  the 
ftftl  from  boiler  room  to  boiler  steam  temperature. 

3.  Heat  required  to  evaporate  and  superheat  the  H20  formed  by 
the  combustion  of  hydrogen  in  the  fuel  from  boiler  room  to  boiler  steam 

tperature. 
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4.  Heat  required  to  superheat  the  moisture  in  the  air  (theoretical 
requirements)  from  boiler  room  to  boiler  steam  temperature. 

For  the  preceding  problem: 

DISTRIBUTION  OF  INHERENT  HEAT  LOSSES  PER  POUNi>  OF  COAL 

AS  FIRED. 


B.t.u. 

PerCent. 

1.   Inherent  loss  in  the  dry  chimney  gas, 

9.26*  X  (340-70)0.24 

600.0 
93.7 

427.0 

13.5 
10,715.8 

5.06 

2.   Inherent  loss  due  to  moisture  in  coal, 

0.08  [1182.4-70+46  (340-212)] 

0.79 

3.   Inherent  loss  due  to  HjO  formed  by  the  combustion  of 
hydrogen, 
9X0.05  [1182.4-70+0.46  (340-212)] 

3.60 

4.   Inherent  loss  due  to  "  humidity  "  of  the  air, 

0.8X0.00115X13.3X8.92*X0.46  (340-70) 

0.11 

5.   Heat  absorbed  by  ideal  boiler  (by  difference) 

90.44 

Total 

11,850.0 

100.00 

*  See  first  example,  paragraph  20. 

31.  Size  of  Coal  —  Bituminous.  —  Coal  is  usually  marketed  in  different 
sizes,  ranging  from  lump  coal  to  screenings.  The  latter  furnish  by  far 
the  greater  part  of  the  stoker  fuel  used.  For  maximum  efficiency 
coal  should  be  uniform  in  size.  With  hand-fired  furnaces  there  is 
usually  no  limit  to  its  fineness  and  larger  sizes  can  be  used  than  with 
stokers.  As  a  rule  the  percentage  of  ash  increases  as  the  size  of  coal 
decreases.  This  is  due  to  the  fact  that  all  of  the  fine  foreign  matter 
separated  from  larger  coal,  or  which  comes  from  the  roof  or  the  floor  of 
the  mine,  naturally  finds  its  way  into  the  smaller  coal.  The  size  best 
adapted  for  a  given  case  is  dependent  upon  the  intensity  of  draft, 
kind  of  stoker  or  grate,  and  the  method  of  firing,  and  its  proper  selec- 
tion often  affords  an  opportunity  to  effect  considerable  economy. 
The  influence  of  the  size  of  screenings  on  the  capacity  and  efficiency  of 
a  boiler  in  a  specific  case  is  illustrated  in  Fig.  9.  The  curves  are 
plotted  from  a  series  of  tests  conducted  with  Illinois  screenings  on  a 
500-horsc-power  B.  &  W.  boiler,  equipped  with  chain  grates,  at  the 
power  house  of  the  Chicago  Edison  Company. 

Influence  of  Thickness  of  Fire,  —  See  paragraph  82. 

Size  of  Coal:  Some  Characteristics  of  Coal  as  affecting  Performances  with  Steam 
Boilers:  Jour.  West.  Soc.  Engrs.,  Oct.,  1906,  p.  528. 

32.  Washed  Coal.  —  Coal  is  washed  for  the  purpose  of  separating 

from  it  such  impurities  as  slate,  sulphur,  bone  coal,  and  ash.  All 
of  these  impurities  show  themselves  in  the  ash  when  the  coal  is 
burned.     Screenings  contain  anywhere  from  5  per  cent  to  25  per  cent 
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of  ash  and  from  1  per  cent  to  4  per  cent  of  sulphur.  Washing  eliminates 
about  50  per  cent  of  the  ash  and  some  of  the  sulphur.  Table  15  {fives 
some  idea  of  the  effects  of  washing  upon  a  number  of  grades  of  coal. 
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Sin  o/Ooal  In  Indus 
of  Site  of  Coal  on  Roiler  Capacity  and  Efficiency. 

The  evaporative  power  of  the  combustible  is  practically  unaffected 
by  washing  and  the  greater  part  of  the  water  taken  up  by  the  coal  is 
removed  by  thorough  drainage.  Many  coals  otherwise  worthless  as 
steam  coals  are  rendered  marketable  by  washing.  Washed  coals  arc 
usually  graded  as  follows: 


Sin. 

Sn* 

No.  1 

Ove 

flj 

Under  2J 

2 

1J 

3 

i 

u 

4 

1    1 

5 
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Numbers  3  and  4  are  excellent  sizes  for  use  in  connection  with  stokers 

and  No.  5  is  well  adapted  for  hand  furnaces  where  smoke  prevention  is 

essential. 

TABLE  15. 

EFFECT   OF  WASHING   ON   BITUMINOUS   COALS. 
(Journal  WJS.E.,  December,  1901.) 


Belt  Mountain,  Mont 

Wellington  Colliery  Co.,  Van- 
couver Island  (new  coal) . . . 

Alexandria  Coal  Co.,  Crabtree, 
Pa 

DeSoto,  111 

Northwestern  Improvement 
Co.,  Roslyn,  Wash 

Luhrig  Coal  Co.,  Zaleski,  Ohio 

Rocky  Ford  Coal  Co.,  Red 
Lodge,  Mont 

Buckeye  Coal  and  Ry.  Co., 
Nelsonville,  Ohio 

New  Ohio  Washed  Coal  Co., 
Carterville,  111 


Before  Washing. 
(Per  Cent.) 


Ash. 


Sul- 
phur. 


18.74 

35.00 

10.60 
18.00 

16.30 
15.80 

25.30 

13.77 

9.48 


3.34 


1.30 


0.57 
1.90 


1.05 
0.78 


Fixed 
Carbon. 


43.72 
38.00 


44.00 
45.90 


37.80 
49.04 
55.00 


After  Washing. 
(Per  Cent.) 


Ash. 


5.56 

8.90 

6.21 
4.20 

9.70 
8.00 

8.50 

4.30 

4.85 


Sul- 
phur. 


2.40 


0.61 


0.40 
0.87 


0.89 
0.69 


Fixed 
Carbon. 


48.39 
56.90 

57.00 

47.86 
50.90 

47.20 

54.82 

63.00 


33.  Purchasing  Coal.  —  Engineers  fail  to  agree  as  to  the  specifica- 
tions best  suited  for  the  purchase  of  coal.  Some  extensive  purchasers 
require  elaborate  analyses  and  others  specify  only  the  size  and  grade 
of  the  fuel.  Every  essential  requirement  of  the  purchaser  may  be 
fulfilled  by  confining  them  to  the  four  following  characteristics: 

Moisture. 

Ash. 

Size  of  coal. 

Calorific  value  of  the  coal. 

Although  moisture  is  a  great  and  uncertain  variable,  and  the  producer 
can  exercise  no  control  over  this  factor,  still  the  purchaser  should  pro- 
tect himself  against  excessive  moisture  by  stipulating  an  amount  con- 
sistent with  the  average  inherent  moisture  in  the  coal,  and  proper  penalty 
should  be  fixed  for  delivers"  in  excess  of  the  amount  allowed,  a  corre- 
sponding  bonus  being  paid  for  delivery  of  less  than  contract  amount. 
Considerable  attention  should  be  given  to  the  percentage  of  earthy 
matter  contained.  The  amount  of  earthy  matter  usually  fixes  the 
heating  value  of  the  coal,  since  the  heating  value  of  ble 
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is  practically  constant.  The  effect  of  ash  on  the  heat  value  of  Illinois 
screenings  as  fired  under  a  B.  &  W.  boiler  with  chain  grate  is  shown 
in  Fig.  10.  This  value  varies  with  the  different  types  of  boilers,  grates, 
and  furnaces,  but  is  substantially  as  illustrated.    The  amount  of  refuse 
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in  the  ash  pit  is  always  in  excess  of  the  earthy  matter  as  reported  by 
analysis. 

The  maximum  allowable  amount  of  sulphur  is  sometimes  specified, 
aboe  some  grades  of  coal  high  in  sulphur  cause  considerable  clinker- 
But  sulphur  is  not  always  an  indication  of  a  dinkcr-producii 
a  more  rational  procedure  would  be  to  classify  a  coal  as  clinki 
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ing  or  non-clinkering  according  to  its  behavior  in  the  particular  furnace 
in  question,  irrespective  of  the  amount  of  sulphur  present.  An  analysis 
of  the  various  constituents  of  the  ash  is  necessary  to  determine  whether 
or  not  the  sulphur  unites  with  them  to  produce  a  fusible  slag,  and  as 
such  analyses  are  usually  out  of  the  question  on  account  of  the  expense  ' 
attached  they  may  well  be  omitted. 

The  heating  value  of  the  coal  as  determined  by  a  sample  burned  in  an 
atmosphere  of  oxygen  does  not  give  its  commercial  evaporative  power, 
since  this  depends  largely  upon  the  composition  of  the  fuel,  character 
of  grate,  and  conditions  of  operation.  It  serves,  however,  as  a  basis 
upon  which  to  determine  the  efficiency  of  the  furnace.  In  large  plants 
where  a  number  of  grades  of  fuel  are  available  it  is  customary  to  con- 
duct a  series  of  tests  with  the  different  grades  and  sizes,  and  the  one 
which  evaporates  the  most  water  for  a  given  sum  of  money,  other  con- 
ditions permitting^  is  the  one  usually  contracted  for.  In  designing  a 
new  plant  particular  attention  should  be  paid  to  the  performance  of 
similar  plants  already  in  operation,  and  that  fuel  and  stoker  should  be 
selected  which  are  found  to  give  the  best  returns  for  the  money.  Where 
smoke  prevention  is  a  necessity  the  smoke  factor  greatly  influences  the 
choice  of  fuel  and  stoker.     (See,  also,  paragraph  480.) 

The  Purchase  of  Coal:  Eng.  Mag.,  Mar.,  1911;  Jour.  A.S.M.E.,  Mar.,  1911; 
Power,  Apr.  6,  1909,  p.  642. 

The  Purchase  of  Coal  by  the  Government  under  Specifications:  Bureau  of  Mines, 
Bull.  No.  11,  1910;  U.  S.  Geol.  Survey,  Bulletins  No.  339,  1908;  No.  378,  1909. 

The  Fusing  Temperature  of  Coal  Ash:  Power,  Nov.  28,  1911,  p.  802. 

The  Clinkering  of  Coal:  Eng.  News,  Dec.  8,  1910. 

34.  Powdered  Coal-  —  The  value  of  powdered  coal  as  a  fuel  for  steam 
boiler  plants  has  long  been  known,  and  appliances  for  pulverizing  and 
feeding  the  coal  have  been  on  the  market  for  a  number  of  years.  How- 
ever, despite  the  many  advantages  of  powdered  fuel  and  the  apparent 
success  of  some  of  the  systems  of  burning  it,  little  progress  has  been 
made  toward  its  general  adoption. 

Some  of  the  advantages  obtained  in  burning  powdered  coal  are: 

(a)  Complete  combustion  and  total  absence  of  smoke.  The  coal 
in  the  form  of  dry  impalpable  dust  is  induced  or  forced  into  the  zone 
of  combustion,  where  each  minute  particle  is  brought  into  contact 
with  the  necessary  amount  of  air  and  complete  oxidation  is  effected 
without  the  excess  of  air  which  accompanies  the  firing  with  lump  coal, 
provided  the  furnace  is  properly  proportioned.  With  a  properly 
designed  setting  there  is  complete  absence  of  smoke. 

(b)  A  cheaper  grade  of  bituminous  coal  may  be  burned,  since  the 
per  cent  of  ash  and  moisture  has  little  effect  on  the  completeness  of 
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combustion  and  the  full  value  of  the  fuel  is  more  nearly  realized  than 
with  ordinary  firing. 

(c)  The  plant  may  be  rapidly  forced  above  its  rated  capacity  and 
sudden  demands  for  power  readily  met. 

(d)  The  labor  of  firing  is  reduced  to  a  minimum. 

35.  Furnaces  for  Burning  Powdered  Coal.  —  In  burning  ordinary  bulk 
coal  the  mass  of  incandescent  fuel  stores  up  a  quantity  of  heat  to  effect 
the  distillation  and  ignition  of  the  volatile  matter  in  the  green  fuel. 
With  pulverized  coal  a  refractory  lining  is  necessary  to  bring  about  the 
same  result.  A  large  combustion  chamber  is  necessary  and  the  shape 
of  furnace  and  path  of  flame  must  be  such  as  to  provide  a  uniform  dis- 
tribution of  heat  over  the  boiler-heating  surface  without  direct  im- 
pingement of  flame.  Fire-brick  arches  and  target  walls  are  not  to  be 
recommended,  owing  to  the  rapid  destruction  of  the  brickwork  under 
the  intense  heat  of  combustion.  Fig.  11  shows  a  successful  arrange- 
ment of  boiler  and  furnace  for  burning  coal  dust.  (For  detailed  de- 
scription of  this  apparatus,  see  Power,  Feb.  14,  1911,  p.  264.) 

St.  Types  of  Powdered-coal  Burners.  —  Powdered-coal  burners  may 
be  grouped  into  two  general  classes: 

1.  The  dust-feed  burner,  in  which  the  coal  is  supplied  in  the  powdered 
form,  and 

2.  The  self-contained  burner,  in  which  the  coal  is  crushed,  pulver- 
ized, and  fed  to  the  furnace  simultaneously. 

The  dust  may  be  fed  into  the  furnace  by 

1.  Natural  draft, 

2.  Mechanical  means,  or  by 

3.  Forced  draft. 

The  following  outline  gives  a  classification  of  a  few  of  the  best  known 
coal-dust  burners: 


Natural  Draft 


•  • 


Natural  Draft 
Feed 

Brush  Feed 


Pinther 
Wegener 

Schwartzkopff 


Forced  Draft 


Blower  Feed 


Dust  Feed 


/Cyclone 
^Triumph 

Compressed  Air   (gng  and  Powdered) 
r  \r  uel  Company 

Ideal 
Blake 


Paddle  Wheel 


i 


Self-contained 


37.  Pinther  Apparatus.  —  Fig.  12  shows  a  section  through  a  Pinther 
coal-dust  feeder,  illustrating  the  principles  of  the  "natural-draft  feed" 
type.  The  powdered  coal  is  placed  into  hopper  B,  from  which  it  is 
fed  by  rollers  a,  a  into  the  chamber  leading  to  the  furnace  C.    The  dust 
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I  bio  stream  and  is  caught  up  by  the  current  of  air  and  drawn 
mid  the  furnace  as  indicated.  The  Furnace  lb  lined  with  refractory 
material  heated  to  a  sufficiently  high  temperature  to  ignite  the  fuel 
and  born  it  in  suspension-  The  chief  drawback  to  a  burner  of  this 
type  is  its  limited  capacity.  Any  attempt  to  feed  targe  quantities  of 
fuel  into  the  furnace  necessitates  such  a  strong  current  of  ;: 

particles  of  dust  beyond  the  zone  of  combustion  before  they 
ire  completely  consumed.  Within  the  limits  of  its  capacity  it  is  an 
efficient  and  simple  apparatus,  but  is  open  to  the  same  objection  as  all 
burners  of  this  type  in  that  it  necessitates  the  storage  of  powdered 
ma  I.    This  apparatus  is  not  much  in  evidence  in  boiler  ri 


kopff  Coal-dust 


38.  Schwartz  kopff  Apparatus.  —  Fig.  13  shows  a  section  through  a 
Lakopff  feeder,  illustrating  the  principles  of  the  brush-feed, 
natural-draft  system.  It  is  a  very  simple  and  practical  dust  feeder, 
though  open  to  the  objection  of  all  systems  which  require  the  coal  to  be 
ground  and  pulverized  in  separate  machines.  The  fuel  is  placed  in  a 
hopper  and  its  supply  to  the  brush  is  regulated  by  the  hand  screw  A 
Uld  the  spring  plate  bottom  of  the  hopper.  The  brush,  consisting  of 
a  number  of  flat  stec!  leaves  ■}?  inch  by  \  inch  wide,  revolves  at  a  high 
speed,  1000  to  1200  r.p.m.  and  forces  the  dust  into  the  furnace.  The  air 
bustion  is  admitted  either  through  the  grates  in  the  ordinary 
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way  or  through  the  lower  chamber  of  the  burner.  To  prevent  the  dust 
from  bridging  in  the  hopper,  a  small  hammer  C  is  fitted  to  the  brush 
so  that  it  will  strike  the  plate  D  and  agitate  the  dust.  This  apparatus 
is  meeting  with  much  success  in  connection  with  annealing  furnaces, 
but  is  still  in  the  experimental  state  as  far  as  boiler  firing  is  concerned. 


Fiu.  14.     Blake  Coal-dust  Feeder. 

39.    Blake    Pulverizer  and    Feeder. —  Fig.    14    gives  a  sectional  ' 
of  the  Blake  apparatus,  and  is  a  typical  example  of  a  self-contain*  *1 
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system.     It  comprises  a  multi-stage  centrifugal  pulverizer,  coal  hopper, 
conveyor  and  fan  mounted  on  a  single  bedplate.     Referring  to  the  illus- 
tration, coal  previously  crushed  to  nut  size  is  fed  to  the  hopper  from 
the  bottom  of  which  it  is  conveyed  by  an  endless  screw  to  the  first 
stage  of  the  pulverizer.    The  lumps  arc  thrown  out  radially  by  centrif- 
ugal force,  due  to  the  rapidly  revolving  bats,  and  are  reduced  to  a 
dust  by  percussion  and  attrition.     The  largest  chamber  contains  a  fan, 
the  function  of  which  is  to  draw  the  pulverized  material  successively 
from  one  chamber  to  another  and  finally  deliver  it  to  the  discharge 
spouts.    The  air  is  drawn  into  the  fuel  chamber  with  the  coal  through 
passage  A,  and  also  through  opening  B  around  the  shaft.     After  enter- 
ing the  fan  chamber,  the  mixture  of  coal  dust  and  air  receives  an 
additional  supply  of  air  through  opening  C.    The  apparatus  may  be 
belt-driven  or  direct-connected  and  runs  at  about  1200  to  1600  r.p.m., 
requiring  8  to  12  horse  power  for  its  operation.     Experience  has  demon- 
strated that  as  much  as  14  per  cent  of  moisture  in  the  coal  has  little 
effect  on  the  pulverization  and  burning. 

Fig.  11  shows  a  successful  commercial  application  of  the  system  to 
a  300-horse-power  boiler.  Table  16  gives  the  results  of  an  evapora- 
tion test  of  this  installation, 


^•l  Triumph 
feras  desig 


Fio.  16.    Triumph  Coal-dust  Feeder, 

Apparatus.  —  Fig.  15  illustrates  the  Triumph  coal-dust 
as  designed  by  the  C.  O.  Bartlett  &  Snow  Company,  Cleveland, 

ffhe  coal  is  fed  from  storage  bin  to  hopper  A  and  feed  worm  B.  The 
p  forces  it  down  spout  F  directly  to  delivery  tube  D,  where  it  is 
tthtby  the  air  draft  and  fed  into  the  furnace, 
(he  amount  of  feed  depends  upon  the  speed  of  the  feed  worm,  which 
l  by  a  friction  disk  /  against  the  flange  plate  H.  This  disk 
d  in  or  out  by  handle,  so  as  to  get  any  speed  desired.  The 
1  by  fan  C,  the  amount  being  controlled  by  valve  E. 
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41.  Efficiency  of  Powdered-coal  Furnaces.  —  A  comparison  of  a  nun 
ber  of  tests  of  hand-fired  and  powdered-coal  furnaces  with  different  type 
of  feeders  shows  a  decided  gain  in  efficiency  of  the  powdered  coal  ov( 
the  hand-fired  where  the  fuel  is  of  a  low  grade.  The  gain  becomes  les 
marked  with  fuel  of  fair  quality  and  disappears  entirely  with  good  fui 
and  properly  manipulated  automatic  stokers.  A  test  made  by  G.  f. 
Barrus  on  a  250-horse-power  B.  &  W.  boiler  at  the  General  Electri 
Works  in  connection  with  a  coal-dust  feeder  manufactured  by  th 
Phoenix  Investment  Company  of  New  York  gave  a  boiler  and  furnac 
efficiency  of  75.3  per  cent.  A  test  of  a  135-horse-power  return  tubuk 
boiler  with  this  same  stoker  gave  a  combined  efficiency  of  boiler  an 
furnace  of  80  per  cent.  These  figures,  however,  have  been  equaled  an 
even  exceeded  in  special  hand-fired  automatic-stoker  tests,  and  only 
comparative  test  of  the  two  systems  under  similar  conditions  will  sho1 
their  respective  efficiencies. 

Table  16  gives  the  results  of  a  test  of  a  300-horse-power  B.  &  \^ 
boiler  equipped  with  the  Blake  system.  This  plant  represents  the  be* 
practice  in  powdered-coal  burning  at  this  date  (Jan.,  1912). 

TABLE  16. 

TKBT  WITH  PULVERIZED  COAL  AT  THE  HENRY  PHIPPS  POWER  PLANT. 

Duration  of  test,  hours 6 

FoUl  weight  of  coal  fired,  pounds 5,160 

Total  weight  of  water,  pounds 56,160 

Average  temperature  feed  water,  degrees  Fahrenheit 186 

Average  Htc»am  pressure,  pounds  per  square  inch 162.3 

I'Wtor  of  evaporation 1.084 

Water  evaporated  per  pound  of  coal 10.88 

W  at4T  (*va|X)ratcd  per  pound  from  and  at  212  degrees,  pounds . .  11 .725 

Moiler  efficiency  (coal  containing  14,350  B.t.u.),  per  cent 78.93 

I  lorxe  power  of  boiler 294.6 

Mullili'r'rt  rating 300 

Temperature  of  escaping  gases,  degrees  Fahrenheit 386 

C  W  of  coal,  2.50  tons  at  $1,315  per  ton '  $3,392 

t  'n«f  of  mit!  per  pound 0.0006575 

PiMimlrt  of  eoal  per  boiler  horse  power  per  hour 2.92 

1  n«f  of  eoal  per  boiler  horse  power,  cents 0.192 

!¥•   Huh*  of  Combustion  with  Powdered  Fuel. — In  forcing  large  quai 

tlliMM  i if  diihi  into  tbo  furnace  the  velocity  imparted  to  the  particles  ma 

IM»  mt  k^'m!   mm  to  carry  them  beyond  the  zone  of  combustion  befoi 

WtltlfH  Inn  In  nnn|ilMt<,  with  the  result  that  the  flues  and  the  back  of  tl 

■IHtltt'it  Imi'oiho  covered  with  unconsumed  carbon.    So  much  depen< 

ft  Win  i|o|it|t  of  t lit*  furnace  and  the  arrangement  of  the  regenerate 

511  Mint  no  Npccilic  figures  can  be  given  as  to  the  maximum  rate 
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jstion  th:it  can  be  efficiently  effected.  At  ordinary  rates  of  coni- 
Wstimi  the  small  particles  of  fuel  are  completely  oxidized  while  in  the 
combustion  chamber  and  then.'  is  total  absence  of  smoke.  The  use  of 
eoal  is  practically  excluded  from  this  type  of  stoker  unless 
iiiixnl  with  coal  high  in  volatile  matter.  This  is  due  to  the  fact  that 
rbon  burns  more  slowly  than  the  hydrocarbon  gases  and  the 
temperature  of  ignition  is  higher;  hence  the  most  gentle  draft  will  carry 
u way  the  particles  Ijefore  they  are  completely  consumed.  With  fuels 
high  in  volatile  matter  the  hydrocarbons  are  distilled  at  a  compara- 
'iV'h  low  temperature,  forming  an  inflammable  gas  which  burns  rapidly 
with  the  fixed  carbon.  A  mixture  of  30-per-cent  bituminous  and  70- 
per-cent  anthracite  has  been  successfully  burned  in  the  powdered  form. 
43.  Draft  for  Powdered  Fuel.  —  A  study  of  a  number  of  tests  of 
boilers'  burning  powdered  coal  shows  that  the  necessary  draft  is  very 
lim  and  ranges  from  0.05  to  0.2  inch  of  water  and  averages  not  far  from 
0.1  bch. 

H.  Storing  Powdered  Fuel.  —  Most  cities  limit  the  storage  of  pow- 
ftnd  coal  to  such  a  small  quantity  as  to  prohibit  the  use  of  fuel  feeders 
of  the  "dust-feed"  type  in  plants  of  any  size  not  provided  with  a  pul- 
nriting  and  crushing  system.  Coal  dust  mixed  with  air  is  often 
(famed  to  be  of  an  explosive  nature  and  many  accidents  are  reported 
to  have  resulted  from  this  cause.  Many  engineers,  however,  refute 
the  basis  of  experiments  which  show  that  explosion  can  only 
occur  at  temperatures  high  enough  to  drive  off  the  volatile  gases. 

StfiotibiUty  of  Coal  DwU:    Engr.,  Jan.  27,  1911;    Mar.  31,  Mil.     Bureau  of 
.:;■■!  in  No.  20,  1911,     Fuel,  Jan.  12,  1009,  p.  294. 

U.  Depreciation   of  Powdered-coal  Furnaces.  —  To  withstand  the  in- 

I   of  combustion,  brickwork  of  the  highest  quality  is  essential, 

:  .iimn  tire  brick  are  soon  reduced  to  a  liquid  slag.     A  good 

■  ]  firebrick  will  withstand  the  heat  for  several  months  without 

provided  the  furnace  is  properly  enclosed,  otherwise  the  strain 

oi  expansion  and  contraction  due  to  alternate  heating  and  cooling  will 

ottk  tin-  brick.     Excellent  results  have  been  obtained  from  the  use  of 

imposed  chiefly  of  the  refuse  from  a  carborundum  slag,  but  the 

lii^li  cost  has  prevented  their  general  use. 

M.  Cost  of  Pnh'Tlzirie  Coal.  —  In  stokers  of  the  "Blake  Pulverizer" 
type  in  which  the  grinding  and  feeding  are  carried  on  simultaneously 
hi  a  self-contained  apparatus,  the  power  consumed  varies  from  2  to 
ID  per  cent  of  the  total  power  developed,  depending  upon  the  nature 
»f  the  fuel,  the  load  factor,  the  efficiency  of  the  driving  mechan- 
ism, and  the  degree  of  fineness  of  the  powdered  fuel;   5  per  cent  is  a 
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fair  average.  The  best  results  are  obtained  when  95  per  cent  of  the 
dust  will  pass  a  100  mesh  and  75  per  cent  a  200  mesh,  though  satis- 
factory results  have  been  obtained  with  as  low  as  40  mesh.  Powdered 
coal  in  the  open  market  ranges  from  50  cents  to  75  cents  a  ton  above 
the  price  of  the  same  coal  in  the  form  of  screenings. 

Firing  Boilers  u'ith  Pulverized  Coal:  Power,  Feb.  14,  1911. 

Pulverized  Fuel:  Eng.  Mag.,  Jan.,  1908;  Jour.  W.  S.  Engrs.,  Feb.,  1904. 

Cue  of  Pulverized  Coal  Under  Stea?n  Boilers:  Power,  Apr.,  1904,  March,  1904; 
Eng.  unci  Min.  Jour.,  Doc.  16,  1905;  Col.  Guard.,  Feb.  16,  1912. 

Tests  of  Pulverized  Fuel:  Engr.  IT.  S.,  Apr.  1,  1904;  Power,  May,  1904,  Feb.  14, 
1911. 

Types  of  Co<d  Dust  Burners:  Engr.  U.  S.,  Apr.  1,  1904;.  Jan.  1,  1903;  Power, 
Mar.,  1901. 

Burning  Low  Grade  Coal  Dust:  Power,  Sept.  12,  1911,  p.  393. 

47.  Fuel  OH.  —  The  recent  development  of  oil  wells  in  the  Western 
and  (lulf  States,  with  the  consequent  enormous  increase  in  production, 
lias  given  a  marked  impulse  to  the  use  of  crude  oil  for  fuel  purposes  in 
Htcaiii  power  plants.  Where  economic  and  commercial  conditions  per- 
mit,  it  is  the  most  desirable  substitute  for  coal.  The  total  absence  of 
Hinoke  and  ashes,  prompt  kindling  and  extinguishing  of  fires,  extreme 
rale  of  combustion,  and  ease  with  which  it  can  be  handled  and  controlled 
are  marked  advantages  in  favor  of  fuel  oil.  The  reduction  in  volume 
and  weight,  over  an  equivalent  quantity  of  coal  for  equal  heating  values 
and  the  inn-case  in  boiler  efficiency  are  factors  of  no  mean  importance, 
particularly  in  connection  with  marine  or  locomotive  work.  In  station- 
ary work  t  he  chief  objections  are  the  difficulty  in  securing  ample  storage 
capacity  and  the  increased  rate  of  insurance.  An  objection  some- 
times raised  against  oil  fuel  is  the  increased  depreciation  of  the  setting, 
but  in  a  well-designed  setting  this  figure  is  only  nominal  and  of  second- 
ary importance.  However,  in  spite  of  the  many  advantages  presented 
in  the  use  of  fuel  oil  for  power  plant  purposes,  the  comparatively  limited 
Hupply  prevents  its  adoption  as  a  general  fuel  and  limits  its  use  to  the 
plants  most  favorably  located. 

4H,  CUpiiiIcaI  and  Physical  Properties  of  Fuel  Oil.  —  Crude  oil,  as 

pumped  at  the  wells,  consists  principally  of  various  combinations  of 

VjftlWKNi  and  carbon,  together  with  small  amounts  of  nitrogen,  oxygen, 

rtAvhur,  wnlor  in  emulsion  and  silt.     The  nitrogen  and  oxygen  may  be 

dftfeMM  with  the  moisture  and  silt  as  inert  impurities.     The  moisture 

^  «ft  t\H>l  nhuuld  not  exceed  2  per  cent,  since  it  not  only  acts  as  an 

^toW  Warily,  but  must  be  converted  into  steam  in  the  furnace  and 

^*  ^  ttyttar  reduces  the  heat  value  per  pound.     The  sulphur, 

^yjfr  **>to^       has  a  low  calorific  value  and  is  otherwise  unde- 

^"^  ^*R*TtNb  1"  '"1  seen  that  the  physical  properties 
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of  oils  from  different  localities  in  the  United  States  differ  widely,  while 
the  chemical  constituents  vary  but  slightly.  For  example,  the  oils 
given  in  the  table  differ  greatly  in  volatility,  specific  gravity,  and  vis- 
cosity, but  have  approximately  the  same  percentages  of  carbon  and 
hydrogen.  Taking  hydrogen  and  carbon  as  the  principal  constituents 
it  is  found  that  oils  rich  in  hydrogen  arc  lighter  in  weight  than  those 
rich  in  carbon.  Other  things  being  equal,  oils  rich  in  hydrogen  have  a 
higher  calorific  value  than  those  rich  in  carbon,  but  the  heavier  oils  are 
usually  the  cheaper.  The  relation  between  heating  value  and  specific 
gravity  for  anhydrous  California  oil  is  as  follows: 

TABLE  18. 


Deir«n, 

«?. 

fisrir' 

vZJH' 

n.t.u.  per 

Barrel. 

Bsuu!*.' 

10 

1.0000 

350.035 

18.280 

0,398,000 

10 

11 

0.9*129 

347.55 

18,340 

0,374,100 

11 

12 

0  9859 

345.10 

18,400 

6,349,800 

13 

0.9790 

342.08 

18.460 

6,325,900 

13 

14 

0.9722 

340.30 

18,520 

0,302,400 

14 

15 

0.9655 

337.98 

18,580 

6.279,300 

15 

10 

0  9589 

335.85 

18,640 

6,256,500 

10 

17 

0  9524 

333  37 

18,700 

6,234,000 

17 

18 

0.9459 

331   10 

18.700 

6,211,400 

18 

19 

0.9390 

32K.89 

18,820 

6,189.700 

19 

30 

0.9333 

326.69 

18,880 

6,167.900 

20 

21 

0.9272 

324.55 

18,940 

8.147,000 

21 

22 

0.9211 

322.42 

19,000 

6,126,000 

22 

23 

0.9150 

320.28 

19,000 

6,104,500 

23 

21 

0.9091 

318  22 

19,120 

0,084,400 

24 

2,r. 

0.9032 

310.15 

19,180 

0,063,800 

25 

Tlii'  heat  value  may  be  closely  approximated  by  means  of  the  follow- 
iiiK  formula  (Jour.  Am.  Chem.  Soc.,  Oct.,  1908): 

B.T.U.  =  18,650  +  40  (B  -  10) , 
in  which  B  =■  degrees  Baume. 

Oil  I  lint  is  to  ho  transported  or  stored  or  used  for  fuel  inside  of  build- 
ii«H.  -.lumld  br  of  the  "reduced"  variety,  from  which  the  naphtha  and 
lil^hri  illuminating  products  have  been  distilled.  The  gravities  of 
.inli  di'ililhilr*  viirv  from  20  to  25  degrees  Baumi?,  or  close  to  0.9  specific 
Hi:mi\ ,  'i iid  their  Mush  points  range  from  240 degrees  F.  to 270 degrees  F. 
Our  kind  of  crude  oil  contains  42  gallons  and  weighs  from  310  to 
:i.i0  iHHiiiils,  iii'i'iiriling  to  the  specific  gravity.  Compared  with  coal,  oil 
oevupii-H  hIidiiI  "ill  per  cent  less  space  and  is  35  per  cent  less  in  weight, 
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for  equal  heat  values.    The  comparative  heat  values  of  coal  and  oil  are 
approximately  as  follows: 


B.T.U.  per  Pound 
of  Coal. 

Founds  of  Coal  Equal 
to  1  Barrel  of  Oil. 

Barrels  of  Oil  Equal 

to  1  Short  Ton  of 

Coal. 

10,000 
11,000 
12,000 
13,000 
14,000 
15,000 

620 
564 
517 
477 
443 
413 

3.23 
3.55 
3.87 
4.19 
•    4.52 
4.84 

49.  Efficiency  of  Boilers  with  Fuel  Oil.  —  A  coal-burning  boiler 
which  utilizes  80  per  cent  of  the  heat  value  of  the  fuel  is  exceptional  — 
75  per  cent  represents  very  good  practice,  and  70  per  cent  a  fair  aver- 
age for  good  practice.  The  great  majority  of  coal-burning  boilers, 
however,  operate  at  efficiencies  less  than  65  per  cent.  With  oil  fuel  a 
boiler  and  furnace  efficiency  of  75  per  cent  is  quite  ordinary  and  80  per 
cent  not  uncommon.  This  increase  in  efficiency  is  partly  due  to  the 
fact  that  the  oil  is  readily  broken  up  and  brought  into  immediate  con- 
tact with  the  necessary  air  for  combustion  and  loss  due  to  excessive 
air  dilution  is  correspondingly  reduced. 

Table  19  gives  the  theoretical  air  requirements  for  different  densities 

of  fuel  oils  and  Table  20  the  air  excess  for  various  efficiencies.     These 

tables  were  compiled  by  C.  R.  Weymouth  (Trans.  A.S.M.E.,  Vol.  30, 

p.  801). 

TABLE  19. 

POUNDS  OF  AIR  PER  POUND  OF  OIL  AND  RATIO  OF  AIR  SUPPLIED  TO  THAT 

CHEMICALLY  REQUIRED. 


Per  Cent  CO« 
by  Volume  as 

Light  Oil, 
C.84%;  H,  13%;  S.  0.8%; 
N,0.2%;  0,1%;  HjO.l^c. 

Medium  Oil, 

C,  85%;  H,  12%;  S,  0.8%; 

N,0.2%;  0.1%;  H,0,  1%. 

Iletivv  Oil, 
C,  86%;  H,  11%;  S,  0.8%; 
N,0.2%;  0,1%;  H20.  1%. 

Shown  by 
Analysis  of  Dry 
Chimney  Gases. 

Lbs.  of 

Air  per 

Lb.  ofOil. 

Ratio  of  Air 

Supply  to 

Chemical 

Requirements. 

Lbs.  of 

Air  per 

Lb.  of  Oil. 

Ratio  of  Air 

Supply  to 

Chemical 

Requirements. 

Lbs.  of 

Air  per 

Lb.  of  Oil. 

Ratio  of  Air 

Supply  to 

Chemical 

Requirements. 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

51.40 

41.31 
34.58 
29.77 
26.17 
23.37 
21.12 
19.83 
17.76 
16.46 
15.36 
14.39 

3.607 
2.899 
2.427 
2.089 
•1.836 
1.640 
1 .  482 
1.391 
1.246 
1.155 
1.078 
1.010 

51.93 
41.71 
34.90 
30.04 
26.39 
23.56 
21.29 
19.43 
17.88 
16.57 
15.45 
14.48 

3.704 
2 .  975 
2.490 
2.143 
1.883 
1.680 
1.518 
1.386 
1.276 
1.182 
1.102 
1.033 

52 .  45 
42.12 
35.23 
30.31 
26 .  62 
23.75 
21.45 
19.58 
18.01 
16.69 
15 .  55 
14.57 

3.803 
3.054 
2.554 
2.198 
1.930 
1 .  722 
1 .  000 
1.419 
1 .  306 
1.210 
1.127 
1.056 
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Table  21  gives  the  results  of  a  series  of  tests  made  at  the  Redondo 
plant  of  the  Pacific  Light  &  Power  Company,  California,  on  a  604-horse- 
power  B.  &  W.  boiler  equipped  with  Hammel  furnaces  and  burners. 
The  boiler  was  in  regular  service  and  under  usual  operating  conditions. 

TABLE  20. 

BOILER  EFFICIENCY  FOR  EXCESS  AIR  SUPPLY  (OIL  FUEL). 


Excess  Air  Supply,  Per  Cent. 

• 

Assumed  temperature  of  escaping  gases, 
cleg.  F 

Corresponding  ideal  efficiency  of  boiler, 
per  cent 

Possible  saving  in  fuel  due  to  reduction 
of  air  supply  to  10  per  cent  excess,  ex- 
pressed as  per  cent  of  oil  actually 
burned  under  assumed  conditions .... 


10 

50 

75 

100 

150 

Over 

400 

450 

475 

490 

500 
Under 

84.2 

80.27 

77.66 

75.22 

70.94 
Over 

0 

4.67 

7.78 

10.68 

15.76 

200 


Over 
500 
Under 

67.09 


Over 
20.32 


50.  Comparative  Evaporative  Economy  of  Oil  and  Coal.  —  In  deter- 
mining the  comparative  economy  of  coal  and  oil,  the  fixed  and  operating 
charges  must  be  considered  in  addition  to  the  cost  and  efficiency  of 
the  fuel.  From  the  market  quotation  on  oil  and  coal  and  the  com- 
parative heating  values  of  each  the  actual  cost  per  B.t.u.  is  readily 
obtained,  and  by  combining  this  with  the  relative  efficiencies  from  the 
furnace  standpoint  the  net  cost  of  the  fuel  is  obtained.  The  fixed 
charges  vary  with  the  location  and  size  of  the  plant  and  are  approxi- 
mately the  same  per  boiler  horse  power  for  a  given  location  in  both 
cases.  The  insurance  rates  may  be  greater  with  the  oil  fuel  and  the 
depreciation  of  the  boiler  setting  may  be  somewhat  larger,  but  in  a  well- 
constructed  furnace  the  latter  item  should  be  the  same  in  both  instances 
for  average  rates  of  combustion.  The  operating  charges  are  decidedly 
in  favor  of  the  oil  fuel,  since  no  ash  handling  is  necessary.  Oil  fuel  is 
readily  fed  to  the  furnace,  and  the  cost  of  attendance  may  be  materially 
less  than  with  coal  firing,  and  one  man  may  safely  control  from  eight  to 
ten  boilers.  Table  148,  Chapter  XVII,  gives  data  relative  to  the  cost 
of  producing  electrical  power  in  connection  with  oil-fired  steam  plants. 

51.  Oil  Burners.  —  The  function  of  the  burner  is  to  atomize  the  oil 
to  as  nearly  a  gaseous  state  as  possible. 

Classification  of  a  few  well-known  burners 
Mechanical  Spray: 
Korting. 

Vapor  or  Carburettor: 
Durr. 
Harvey. 
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Spray  Burners: 
Outside  Mixers. 

(a)  Peabody. 

(b)  Warren. 
Inside  Mixers. 

(a)  Hummel, 

(fc)  Kirkwood. 

(c)  Branch. 
(rf)  Williams. 

Oil  burners  for  burning  liquid  fuel  may  be  divided  into  three  general 
classes: 

1.  Mechanical  spray,  in  which  the  oil,  previously  heated  to  a  temper- 
ature of  about  150  degrees  F.,  is  forced  under  pressure  through  nozzles 
bo  designed  as  to  break  it  up  into  a  fine  spray.  The  Korting  Liquid 
Fuel  Burner,  Fig.  16,  is  an  example  of  this  type.     In  this  design  a 


Fm.  16.     KGrting  Fuel-oil  Burner. 

central  spindle,  spirally  grooved,  imparts  a  rotary  motion  to  the  oil 
and  causes  it  to  fly  into  a  spray  by  centrifugal  force  on  issuing  from 
the  nozzle.  The  particles  of  oil  are  burned  in  the  furnace  when  they 
come  in  contact  with  the  necessary  air  to  effect  combustion.  This 
tyi*  of  burner  is  little  used  in  this  country  in  connection  with  power- 
plant  work,  but  is  meeting  with  much  success  on  the  continent. 

2.  Vapor  burners,  or  carburettors,  in  which  the  oil  is  volatilized  in 
a  heater  or  chamber  and  then  admitted  to  the  furnace,  are  seldom  used 
except  in  connection  with  refined  oils,  as  the  residuals  from  crude  oil 
are  vaporized  only  at  a  high  temperature.  The  Durr  and  Harvey 
gasificrs  are  the  best  known  of  this  type. 

:>.  Spray  burners  are  by  far  the  most  common  in  use.  In  this  type 
the  nil  i*  held  in  suspension  and  forced  into  the  furnace  by  means  of  a 
jit  of  steam  or  compressed  air.  Spray  burners  are  designed  either  as 
onlniih  iiit.rtTn.  in  which  the  oil  and  atomizing  medium  meet:  outside  the 
apparatus,  or  inside  in  inn,  in  which  the  oil  and  atomizing  medium 
mingle  inside  the  apparatus.  J 
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The  Peabody  burner,  Fig.  17,  illustrates  the  principles  of  the  "outside- 
mixer"  type  of  apparatus.  In  this  type  the  oil  flows  through  a  thin 
slit  and  falls  upon  a  jet  of  steam  which  atomizes  it  and  forces  it  into  the 


Pio.  17.    Peabody  Fuel-oil  Burner. 

furnace  in  a  fan-shaped  spray.    A  feature  of  this  apparatus  is  its 
simplicity  of  construction. 

Fig.  18  illustrates  the  Hammel  burner  as  used  at  the  power  house  of 
the  Pacific  Light  and  Power  Company,  Los  Angeles,  Cal.  Oil  enters  the 
burner  under  pressure  and  flows  through  opening  D  to  the  mouth  of 
the  burner,  where  it  is  atomized  by  the  steam  jets  issuing  from  slots  (?, 


gAQAh 


I 
Flo.  18.     Hammel  Fuel-oil  Burner. 

H,  and  /.  The  oil  is  preheated  to  facilitate  its  flow  through  the  supply 
system.  Plates  K-K  are  removable  and  are  easily  replaced  when  worn 
out  or  burned.  The  Hammel  burner  belongs  to  the  "inside4  mixers." 
A  few  well-known  types  of  "inside  mixers"  are  illustrated  in  Figs.  18 
to  20.  The  operation  is  practically  the  same  in  all  of  them  and  they 
differ  only  in  mechanical  details. 
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Fio.  21.    Williams  Fuel-oil  Burner. 
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The  Williams  burner,  Fig.  21,  differs  somewhat  from  the  others  in 
that  the  air  supply  passes  through  the  burner  and  mingles  with  the  oil 
and  steam  before  entering  the  furnace. 

The  simplest  and  most  reliable  burners  are  of  the  Hammel  type  and 
are  much  in  evidence  in  the  Pacific  States. 

52.  Furnaces  for  Burning  OH  Fuel.  —  The  efficient  combustion  of 
oil  fuel  depends  more  upon  the  proportions  of  the  furnace  than  upon 
the  type  of  burner,  provided,  of  course,  the  latter  is  of  modern  design. 
While  it  is  desirable  to  have  incandescent  brickwork  around  the  flame 
it  is  impossible  to  do  so  in  many  cases  and  a  satisfactory  compromise 


-f- 


M  Oil  Pipe 


■* 


Si  Stettin  Pipe 


Fio.  22.     Warren  Fuel-oil  Burner. 


is  effected  by  using  a  flat  flame  burning  close  to  a  white-hot  floor  through 
which  air  is  steadily  flowing.  A  good  burner  will  maintain  a  suspended 
flame  clear  and  smokeless  in  a  cold  furnace.  The  path  of  the  flame 
in  the  furnace  must  be  such  as  to  insure  uniform  distribution  of  heat 
over  the  boiler  heat-absorbing  surfaces  without  direct  flame  impinge- 
ment. Under  ordinary  firing  the  flame  should  not  extend  into  the 
tubes.  The  first  pass  of  the  boiler  should  be  located  directly  over  the 
furnace  in  order  that  the  heating  surface  may  absorb  the  radiant  energy 
from  the  incandescent  fire  brick.    Fire-brick  arches  and  target  walls 
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are  not  to  be  recommended  on  account  of  the  localization  of  heat  re- 
sulting in  burning  out  the  tubes  or  bagging  the  shell  and  on  account  of 
the  limited  overload  capacity. 

Fig.  23  shows  the  general  details  of  a  Hammel  oil-burning  furnac< 
illustrating  current  practice  on  the  Pacific  coast.  The  burner  tip  i: 
housed  in  a  slot  located  in  the  back  of  an  arched  recess  in  the  bridg 


o«!  (Hamael). 


wall  and  the  flame  is  projected  forward  toward  the  front  of  the  furnac 
Tin'  furnace  floor  is  carried  on  pieces  of  old  two-inch  pipe  or  on  o 
rails  and  is  solid  except  for  narrow  air  slots  through  the  deck  and 
front  of  each  arch.  Each  burner  with  its  accompanying  recess  has 
separate  air  tunnel  from  the  boiler  front;  these  tunnels  do  not  comm 


nine  Fuel  Oil,  Front  had. 

tiou  through  which  is  shown  in 


.  25  give9  the  general  details  of  a  modern  oil-burning  f 
i  feed,  as  applied  to  a  horizontal  return  tubular  boiler. 
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&  itemization  of  Oil.  —  For  efficient  combustion  the  oil  should  be 
injected  into  the  furnace  in  the  form  of  a  spray.  Three  systems  of 
atomization  are  in  use  in  stationary  practice,  namely,  mechanical,  air, 
and  steam.  Of  these,  by  far  the  greater  number  of  installations  in  the 
United  States  are  of  the  last  order. 

The  mechanical  or  Korting  system  is  not  much  in  evidence  in  this 
country,  but  it  is  used  extensively  in  Europe.  The  operation  of  this 
system  is  described  in  paragraph  51.  The  makers  state  that  to  oper- 
ate the  pumps  and  supply  the  heat  to  the  oil  takes  from  f  to  1  per  cent 
of  the  steam  evaporated.  Mechanical  atomization  presents  many  pos- 
sibilities and  it  is  not  unlikely  that  future  development  may  lie  along 
this  path. 

In  air  atomization  the  air  is  used  at  pressures  from  1^  to  60  pounds 
per  square  inch,  depending  upon  the  type  of  burner.  From  Table  22 
it  will  be  seen  that  the  total  steam  used  to  compress  the  air  varies  from 
1.06  to  7.45  per  cent  of  the  total  generated.  For  air  atomization  and 
with  air  pressures  of  from  20  to  30  pounds  per  square  inch,  J.  H.  Hoppes, 
(Jour.  A.S.M.E.,  Aug.,  1911,  p.  902),  states  that  from  6  to  10  cubic 
feet  of  air  per  minute  per  pound  of  oil  burned  will  be  required.  Com- 
pressed air  offers  no  opportunity  for  fuel  saving  over  the  use  of  steam 
direct  in  cases  where  steam  is  available.  In  certain  industrial  oper- 
ations where  high  temperatures  are  essential  the  use  of  air  is  preferred. 
When  it  is  necessary  to  use  high-pressure  air  the  economy  decreases 
with  the  increase  in  pressure,  since  the  cost  of  each  cubic  foot  of  com- 
pressed air  increases  rapidly  with  the  pressure,  but  its  ability  to  atomize 
the  oil  does  not  increase  proportionately. 

Steam  is  the  most  commonly  used  medium  for  atomizing  the  oil, 
since  its  use  obviates  complication  and  risk  of  interrupted  service. 
The  amount  of  steam  required  to  atomize  the  oil  varies  from  0.3  to 
0.7  pounds  per  pound  of  oil,  with  an  average  of  about  0.5  pounds.  The 
steam  consumption  is  generally  stated  in  per  cent  of  the  total  steam 
generated,  but  the  results  are  misleading  since  the  percentage  factor 
depends  largely  upon  the  efficiency  of  the  boiler.  Table  22  gives  the 
results  of  a  number  of  tests  of  different  types  of  burners  with  air  and 
steam  as  an  atomizing  medium. 

W.  Ofl-feeding  Systems.  —  Fig.  26  gives  a  diagrammatic  arrange- 
ment of  the  piping  commonly  employed  in  feeding  oil  fuel  to  the  burners. 
Steam-actuated  oil  pumps,  installed  in  duplicate,  draw  the  fuel  from 
the  supply  tank  and  deliver  it  under  pressure  to  the  burners.  The 
piping  is  cross-connected  so  that  repairs  can  be  made  without  inter- 
rupting the  service.  The  oil  is  heated  from  the  pump  exhaust  before 
H  is  supplied  to  the  burners.     This  should  not  be  carried  beyond  the 
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flash  point  of  the  oil  used  or  there  will  he  danger  from  carbon  deposit.* 
■■ply  pipe.     A  strainer  is  placed  in  the  suction  line  between 
:/.'  tank  and  the  oil-pressure  pump  to  minimize  clogging  of 
tin-  burner.     In  some  instances  strainers  are  also  placed  in  the  supply 
■  iii  the  heater  and  burner.     The  relief  valve  between  the 
pampa  and  burners  is  set.  at  a  definite  maximum  oil  pressure  so  as  to 
penal  excessive  pressure.     The  oil  meter  is  for  the  purpose  of  cheek- 
ing the  storage  tank  indicator.     All  oil  piping  is  installed  so  that  it 
nil  be  drained  back  to  the  storage  tank  by  gravity  in  case  of  neces- 
sity,   in  many  large  plants  the  strainers,  meters,  heaters  and  piping 
:ire  installed  in  duplicate.     Arrangements  are  usually  made  for  the  oil 
to  be  delivered  at  constant  pressure.     The  supply  of  steam   to  the 
burner  is  controlled  by   regulating  the  pressure  in  a  separate   main 

MO in  to  all  burners,  the  pressure  in  the  main  bearing  a  certain  pre- 

led  relation  to  the  pressure  in  the  oil  mains.     In  most  installa- 
1)001  I  in-  supply  of  steam  and  oil  at  the  burner  is  regulated  by  hund  to 
meet  tin-  requirements  of  the  individual  burners.     At  the  Redondo 
plan)  of  the  Pacific  Light  and  Power  Company,  Redondo,  Cal..  the 
supply  of  oil  and  steam  to  all  burners  and  the  supply  of  air  for  com- 
bustion to  any  number  of  boilers  are  automatically  controlled  from  a 
".■int.     For  a  description  of  this  system  see  Trans.  A.S.M.E., 
V,.l.  30,  p.  808. 
Low-pressure    systems    are    ordinarily    operated     under    standpipe 
aa  in  Fig-  27,  which  illustrates  the  arrangement  of  apparatus 
ted  by  the  International  Gas  and  Fuel  Company.     A  steam 
pomp  8  draws  the  oil  from  the  buried  tank  through  pipe  Z  and  delivers 
n  t.i  the  standpipe  E.     Thence  it  flows  through  pipe  7  to  the  burners 

|i  i  a  head  of  about  10  feet.     The  pump  runs  constantly,  the  surplus 

oil  flowing  back  to  the  tank  through  the  pipe  T.    The  oil  is  heated  by 
the  exhaust  pipe  '/.' .     The  oil  pump  is  provided  with  a  device  D  having 

icted  by  a  chain  with  a  cock  S,  which  automatically  opens 

when  the  boiler  is  not  under  steam  pressure,  so  that  the  standpipe  will 
be  emptied,  the  oil  flowing  to  the  storage  tank. 
Fie.  28  illustrates  the  Hydraulic  Oil  Storage  Company's  system  of 
I   and  delivering  it  to  the  burners.     The  oil  reservoirs  are 
low  grade,  as  indicated,  to  minimize  fire  risk.     The  operation 
is  as  follows:  Water  enters  the  "float  box"  and  flows  through  a  "three- 
cock  "  to  the  bottom  of  the  reservoir  until  all  of  the  oil  and  water- 
filled  up  to  the  level  of  the  float  box,  when  the  float  auto- 
ly  cuts  off  the  supply.     This  flooding  of  the  entire  system  drives 
the  air.     The  three-way  cock  is  then  turned  to  "discharge" 
of  the  water  flows  to  the  sewer.     The  tank  car  or  wagon  is 


82  STEAM  POWER  PLANT  ENGINEERING 

next  attached  to  the  "oil  inlet"  and  the  oil  flows  into  the  tank  and  dis- 
places the  water  until  the  level  of  the  "filler  float"  is  reached,  when  the 
supply  is  automatically  cut  off.  The  inlet  is  so  placed  that  the  head 
of  oil  in  the  .tank  car  is  sufficiently  great  to  overcome  the  opposing 
head  of  water.  The  three-way  valve  is  next  turned  to  the  first  position 
and  the  head  of  water  forces  the  oil  to  the  burners.  After  the  oil  has 
been  withdrawn  from  the  storage  tank  the  water  can  only  rise  to  the 
level  of  the  water  in  the  float  box  and  therefore  cannot  be  fed  to  the 
furnace.  The  small  steam  pipe  admits  steam  into  the  tank  and  heats 
the  oil,  thereby  making  it  flow  more  freely. 


Gas  and  Fuel  Company's  Fuel  Oil  System. 


55.  Oil  Transportation  and  Storage.  —  Fuel  oil  is  delivered  in  bulk, 
either  in  tank  cars,  barges  or  steamships,  or  by  pipe  lines,  depending 
upon  the  location  of  the  plant.  It  must  be  stored  in  accordance  with 
underwriters'  requirements  and  community  ordinances.  In  outlying 
districts  the  storage  reservoirs  may  be  placed  above  the  ground,  but 
in  cities  they  must  be  located  underground.  In  small  plants  surface 
tanks  arc  sometimes  constructed  of  wood  but  in  the  majority  of  in- 
stallations both  surface  and  underground  tanks  are  constructed  of 
steel  plate,  plain  concrete  or  reinforced  concrete.  In  large  plants  the 
greater  portion  of  the  oil  is  stored  in  surface  tanks  some  distance  awav* 
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from  the  plant.  From  these  main  reservoirs  the  oil  is  pumped  into 
auxiliary  tanks  or  vaults  outside  the  building,  but  beneath  the  boiler- 
room  level.  In  no  case  is  the  oil  permitted  to  gravitate  to  the  burners 
but  must  reach  them  by  means  of  pumps.  Storage  tanks  should  be 
fitted  with'veDt  pipes;  return  and  overflow  pipes;  indicators  showing 
the  depth  of  oil;  steam  coils  for  preliminary  heating  in  cold  weather, 
or,  for  thick,  viscous  oils,  steam  pipes  for  smothering  the  flames  in  ease 
of  fire,  and  suitable  manholes  for  cleaning  out  purposes.  To  conform 
with  underwriters'  requirements  the  tops  of  the  tanks  should  be  placed 


FlO.  28.     Hydraulic  Oil  Storage  Company's  Fu.'l  Oil  System. 


below  the  level  of  the  lowest  pipe  used  in  connection  with  the  apparatus. 
Steel  tanks,  including  foundations,  roof  and  setting,  cost  approximately 
$1.00  per  barrel,  while  concrete  vaults  and  forms  cost  approximately 
fifty  cents  per  cubic  foot  of  concrete  exclusive  of  excavation. 

W.  The  Purchase  of  Fuel  on.  —  The  following  extracts  from  Bulletin 
No.  3, 1911,  Bureau  of  Mines  ("Specifications  for  the  Purehuse  of  Fuel 
Oil  for  the  Government,  with  Directions  for  Sampling  Oil  ;iud  Natural 
Gm"),  though  primarily  intended  for  the  guidance  of  Government 
officials,  may  be  of  service  to  engineers: 
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1,  In  determining  the  award  of  a  contract,  consideration  will  b 
fcivmi  to  the  quality  of  the  fuel  offered  by  the  bidders,  as  well  as  th 
price,  and  nhould  it  appear  to  be  the  best  interest  of  the  Govemmen 
to  award  a  contract  at  a  higher  price  than  that  named  in  the  lowes 
bid  or  hidft  received,  the  contract  will  be  so  awarded. 

2,  Fuel  oil  Hhould  be  either  a  natural  homogeneous  oil  or  a  homo 
geneoiirt  residue  from  a  natural  oil;  if  the  latter,  all  constituents  havinj 
a  low  flfiHh  point  Hhould  have  been  removed  by  distillation;  it  shoulc 
not  be  eompoHed  of  a  light  oil  and  a  heavy  residue  mixed  in  such  pro 
port  iotm  an  to  give  the  density  desired. 

U.  It  should  not  have  been  distilled  at  a  temperature  high  enougl 
to  burn  it  nor  at  a  temperature  so  high  that  flecks  of  carbonaceous 
matter  begun  to  separate. 

4.  It  should  not  Hash  below  60  degrees  C.  (140  degrees  F.)  in  a  closec 
Abel-IVnsky  or  Pensky-Martens  tester. 

ft»  tts  speeifie  gravity  should  range  from  0.85  to  0.96  at  15  degrees  C 
{!M  degrees  F.) ;  the  oil  should  be  rejected  if  its  specific  gravity  is  abov< 
0*W7  at  that  temperature. 

rt.  tt  should  Ih>  mobile,  free  from  solid  or  semi-solid  bodies,  an» 
fthouKl  flow  readily  at  ordinary  atmospheric  temperatures  and  undc 
a  head  of  l  foot  of  oil*  through  a  4-inch  pipe  10  feet  in  length. 

7.  It  should  not  congeal  nor  become  too  sluggish  to  flow  at  0  degree  ( 
V*2  deffrws  FA 

5.  It  should  haw  a  calorific  value  of  not  less  than  10,000  calori< 
\vr  $ram  vlS>000  Itoai*  per  pounds  10*250  calories  to  be  the  standan 
A  N\nus  is  to  l>e  \vud  or  a  penalty  deducted  according  to  the  methc 
staled  under  section  21,  as  the  fuel  oil  delivered  is  above  or  below  tb 
MandaM. 

0.    It  shonM  Iv  Tvjeeted  if  it  contains  nxw  than  2  per  oemt  water. 
a\    li  shouW  Iv  rejected  if  it  contains  more  than  1  per  crait  snlphu 
11  should  not  <\>ntain  nxw  than  a  trace  of  sand,  clay  or  dirt. 
Wich  hidder  rmjst  sahsnit  an  accurate  stat<*m«nt  regarding  ti 
1\:,\  o,,  h<  N,w.vv«<>  to  famish.     This  ^aterncsn  should  show: 

Thx  A^v,v,v»:vi5i;  name  of  the  of.. 
'     7'  v    •  •.  v  or  dcsicnat ion  of  t-hc  field  : ran:  whirl  tbf  oil  is  olftamo 
Wv>-;  V:  ;  h;*  o •.  ts  a  crude  oil.  &  refinery  residue-.,  or  a  distaIi£T*fc. 
74\    •>•»  -v   .'.'v.  "location  of  thr  refinerx .  r.  tb<-  oil  has  he&L  y 

fi-rsv  *•*  ••■ 

Vo   vs--.o"   {l   '.M-.^MN.  cu.   coti^j}«  comriict?  riulnthv 

. ■.  v..i \.^-  .     .".,/•»-•.!#    prt~/>h*n»i*    Kn\\t*UT .  \f.  :<<  V  >  BurwiL  n*  Miliar  1  ffl 
..^ •-, .;-..hi».     Xsm:    \>\i  V..  \H£    Vi    li»\\    t.  Ss.S   902    X  IL  Power  unc  Ga 

;\v  as.  if*;-.  ^ 
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Burners:  Jl.  El.  Power  and  Gas,  Dec.  23,  1911,  Apr.  1,  1911;  Engng.,  Feb.  16, 
L912. 

Comparative  Evaporative  Value  of  Coal  and  Oil:  Jl.  El.  Power  and  Gas,  March  18, 
1911;  Jour.  A.S.M.E.,  Aug.  11,  1911,  p.  872. 

Draft  Requirements  for  Burning  Oil  Fuel:  Jour.  A.S.M.E.,  Aug.,  1911;  Oct.,  1912. 
Economy  Tests  with  Oil  Fuel:   Trans.  A.S.M.E.,  30-1908,  p.  775;   Jl.  A.S.M.E., 
Aug.  11,  1911,  p.  940. 

Furnaces  for  Burning  Oil  Fuel:  Jl.  El.  Power  and  Gas,  Dec.  30,  1911,  Apr.  8, 
1911;  Jour.  A.S.M.E.,  Aug.,  1911,  p.  879;  Ir.  Td.  Review,  June  3,  1908;  Power, 
June  16,  1908. 

Oil  for  Steam  Boilers:   Jour.  A.S.M.E.,  Aug.,  1911,  p.  931;   Jl.  El.  Power  and 
Gas,  Dec.  16,  1911;    Power,  Aug.,  1908,  p.  943;    Jan.  23,  1908,  p.  980;    Bulletin 
No.  131,  Louisiana  State  University. 
Precautions  with  Oil  Fuel:  Eng.  and  Min.  Jour.,  Apr.  1,  1911,  p.  653. 
Purchase  of  Fuel  Oil  for  tiie  Government:  Bulletin  No.  3,  Bureau  of  Mines,  1911. 
Regulation  of  Oil  Supply  to  Burners:  Trans.  A.S.M.E.,  30-1908,  p.  804. 
Storage  and  Transportation:  Jl.  El.  Power  and  Gas,  Dec.  16,  1911,  p.  564;  Eng. 
News,  Sept.  25,  1902,  p.  232;  Power,  July  16,  1908. 
Unnecessary  Losses  in  Firing  Fuel  Oil:  Trans.  A.S.M.E.,  30-1908,  p.  797. 

57.  Gaseous  Fuels.  —  These  fuels  offer  all  of  the  advantages  of  liquid 
fuels  and  but  few  of  the  disadvantages.  The  gases  most  commonly  met 
with  in  connection  with  steam  power  plants  are  outlined  in  Table  23. 
The  artificial  gases  for  steam  purposes  are  prohibitive  in  cost  in  most 
cases,  and  even  in  blast-furnace  installations,  where  the  gases  are  waste 
products,  the  gas  engine  has  virtually  supplanted  the  steam  engine  for 
power  purposes.  In  the  immediate  locality  of  natural-gas  wells  gas- 
fired  furnaces  may  prove  to  be  more  economical  than  coal  furnaces,  but 
the  limited  supply  limits  its  use  as  a  general  fuel.  From  the  market 
quotations  on  coal  and  gas  and  the  comparative  heating  value  of  each 
the  actual  cost  per  B.t.u.  is  readily  obtained,  and  by  combining  this 
with  the  relative  efficiencies  from  the  furnace  standpoint  the  net  cost 
of  the  fuel  is  obtained.  The  following  table,  based  upon  the  assump- 
tion that  one  cubic  foot  of  natural  gas  under  standard  conditions  has  a 
heating  value  of  1000  B.t.u.,  will  enable  an  approximate  comparison  to 
be  made: 


B.T.U.  per  Pound  of 

Pounds  of  Coal  Equal 

No.  of  1,000  Cu.  Ft. 

Coal. 

to  1,000  Cu.  Ft. 

of  Gas  Equal  to  One 

of  Gas. 

Short  Ton  of  Coal. 

10,000 

100 

20 

11,000 

91 

22 

12,000 

83 

24 

13,000 

77 

26 

14,000 

71 

28 

15,000 

67 

30 
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In  burning  natural  gas  under  a  boiler  the  furnace  requirements  are 
practically  the  same  as  for  liquid  fuel.  The  burners,  of  course,  will 
differ  in  design,  since  atomization  is  unnecessary.  The  majority  of 
patented  gas  burners  are  operated  on  the  same  principle  as  the  com- 
mon gas-stove  burner.  A  crude  form  often  used  consists  of  a  ^-inch 
gas  pipe  placed  within  a  2£-inch  pipe  which  is  bricked  in  the  fire-door 
opening.  A  properly  installed  gas-fired  furnace  should  be  capable  of 
converting  72  per  cent  of  the  heat  value  of  the  fuel  into  steam,  cor- 
responding to  approximately  80  per  cent  of  the  lower  heating  value. 

Fig.  29  shows  a  section  through  a  small  experimental  boiler  de- 
signed by  Prof.  Wm.  A.  Bone,  University  of  Leeds,  England,  which  in- 
volves the  principle  of  so-called  "  surface  combustion/'  and  for  which 


Fia.  29.    Experimental  Boiler  Involving  the  Principles  of  "  Surface  Combustion." 

extravagant  claims  have  been  made  as  regards  efficiency  and  capacity. 
It  consists  essentially  of  a  plain  tubular  boiler,  having  ten  tubes,  3 
inches  in  internal  diameter.  Each  of  these  is  bushed  with  a  short  tube, 
E,  of  fire  clay  and  is  filled  for  the  rest  of  its  length  with  finely  broken 
refractory  material.  Mixing  chambers  of  special  design  are  at- 
tached to  the  front  plate  of  the  boiler  as  indicated.  The  mixture  fed 
into  the  boiler  tubes  from  these  mixing  chambers  consists  of  the  com- 
bustible gas  with  a  proportion  of  air  very  slightly  in  excess  of  that 
theoretically  required  for  combustion.  The  mixture  is  injected  or 
drawn  in  through  the  orifice  in  the  fire-clay  plug.  The  gas  burns  with- 
out flame  in  the  front  end  of  the  tube,  the  incandescent  mass  being  in 
direct  contact  with  the  heating  surface.  The  combustion  of  the  mix- 
ture in  contact  with  t ho  incandescent  material  is  completed  before  it 
has  traversed  a  length  of  6  inches  from  the  point  of  entry  of  the  tube. 
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Although  the  core  of  the  material  at  this  part  of  the  tube  is 
descent  the  heat  transference  is  so  rapid  that  the  walls  of  the 
are  considerably  below  red  heat.     The  evaporation  in  regular  w 
order  is  over  20  pounds  per  square  foot  of  heating  surface  and  tl 
be  increased  50  per  cent  with  a  reduction  in  efficiency  of  only 
per  cent.     The  figures  given  by  Prof.  Bone  for  the  boiler  and 
mizer  are  as  follows: 

Date,  Dec.  8,  1910. 

Pressure  of  mixture  entering  boiler  tubes,  inches  of  water 

Pressure  of  products  entering  economizer,  inches  of  water 

Steam  pressure,  pounds  per  square  inch  gauge 

Temperature  of  steam  in  boiler,  degrees  F J 

Temperature  of  gases  leaving  boiler,  degrees  F 

Temperature  of  gases  leaving  economizer,  degrees  F ! 

Temperature  of  water  entering  economizer,  degrees  F 

Temperature  of  water  leaving  economizer,  degrees  F 

Evaporation  per  square  foot  of  heating  surface  per  hour,  pounds 

Gas  consumption,  cubic  feet  per  hour,  at  32  degrees  F.  and  14.7  pounds 

per  square  inch ! 

B.t.u.  per  standard  cubic  foot  (lower  heat  value) i 

Water  evaporated  per  hour  from  and  at  212  degrees  F.,  pounds « 

Efficiency  of  boiler  and  economizer  (on  basis  of  low  heat  value),  per 

cent 

For  further  details  of  Prof.  Bone's  experiment  see  American  Gas  Light  J 
Dec.  4,  1911;  Engineering,  April  14,  1911;  Engineer  (London),  April  14 
See  also  editorial,  Industrial  Engineering,  Jan.,  1912,  p.  59. 


CHAPTER  III. 

BOILERS. 

18.  As  affecting  fuel  economy  the  boiler  equipment  is  by  far  the 
most  important  part  of  the  power  plant  an,d  involves  the  largest  share 
of  the  operating  expenses.  It  matters  little  how  elaborate,  modern,  or 
well  designed  it  may  be,  skill,  good  judgment,  and  continued  vigilance 
are  required  on  the  part  of  the  operator  to  secure  the  best  efficiency. 

Of  the  various  types  and  grades  of  boilers  on  the  market  experience 
shows  that  most  of  them  are  capable  of  practically  the  same  evapora- 
tion per  pound  of  coal,  provided  they  are  designed  with  the  same  pro- 
portions of  heating  and  grate  surface  and  are  operated  under  similar 
conditions.  They  differ,  however,  with  respect  to  space  occupied, 
weight,  capacity,  first  cost,  and  adaptability  to  particular  conditions 
of  operation  and  location. 

SI.  Classification.  —  As  to  design  and  construction  there  is  an  almost 
endless  variety  of  boilers  and  furnaces,  classified  as  internally  and 
externally  fired;  water  tube  and  fire  tube;  through  tube  and  return  tubular; 
horizontal  and  vertical. 

The  internally  fired  type  includes  the  vertical  tubular,  locomotive, 
Scotch-marine,  and  practically  all  flue  boilers.  The  externally  fired 
includes  the  plain  cylinder,  the  through  tubular,  return  tubular,  and 
nearly  all  stationary  water-tube  boilers. 

•I.  Vertical  Tubular  Boilers.  —  Vertical  tubular  boilers,  Figs.  1  and 
30,  are  commonly  used  where  small  power,  compactness,  low  first  cost, 
and  sometimes  portability  are  the  chief  requirements,  though  they 
we  not  necessarily  restricted  to  small  sizes.  The  tubes  are  sometimes 
arranged  so  that  the  spaces  between  them  radiate  from  a  hand  hole  on 
one  side  so  that  a  scraper  may  readily  be  inserted  to  clean  the  top  of 
the  furnace  plate.  The  hand  hole  in  the  water  leg  permits  removal  of 
the  scale.  It  is  convenient  to  place  a  chain  in  the  bottom  of  the  water 
leg,  which  can  be  worked  around  through  the  hand  hole  for  the  pur- 
pose of  loosening  up  the  scale  deposit.  The  distance  between  the 
furnace  crown  and  top  of  the  grate  is  never  less  than  24  inches  even  in 
the  smallest  boiler  and  should  be  as  great  as  possible  to  insure  good 
combustion.  Two  styles  of  vertical  boilers  are  in  common  use,  the 
ordinary  vertical  type,  Fig.  1,  and  the  submerged  type,  Fig.  30.    In 
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the  former  the  upper  tube  aheet  and  part  of  the  tubes  are  t 
water  line,  and  while  this  feature  may  tend  to  superheat  the 
a  slight  extent,  the  difficulty  from  unequal  expansion  and  li 

overheating  is  of  sufficient  moment  to  justify  the  use  of  the  s1 
type,  particularly  where  the  boiler  is  likely  to  be  forced  above 
capacity.  The  ac 
of  this  type  of  b 
(1)  compactness  ; 
ability;  (2)  req 
setting  beyond 
foundation;  (3)  i 
steamer,  and  (4) 
first  cost.  The 
tagesare;  {l)inac> 
for  thorough  inspe 
cleaning;  (2)  smi 
space,  which  resu 
cessive  .priming 
loads;  (3)  poor 
except  at  light 
the  products  of  co 
escape  atahigh  ter 
on  account  of  the 
of  the  tubes;  (4)  i 
combustion  practi 
possible  with  bi 
coals;  (5)  the  sm 
capacity  results  L 
fluctuating  steam 
with  varying  den 
steam. 

Although  vert 
tube  boilers  are  i 
very  small  size,  bei) 
constructed  in  siz< 
horse  power,  an  ex 
found  in  the  Manning  boiler,  Fig.  31,  which  is  constructed  i: 
large  as  250  horse  power.  Many  of  the  disadvantages  four 
smaller  types  are  obviated  in  the  Manning  boilers,  which, 
safety  and  efficiency  are  concerned,  rank  with  any  of  the  ot 
class  types.  They  differ  from  the  boiler  described  above  i 
having  the  lower  or  furnace  portion  of  much  greater  diameter 
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upper  part  which  encircles  the  tubes.  This  permits  a  proper  propor- 
tion of  grate,  which  is  not  obtainable  in  boilers  like  Figs.  1  and  30.  The 
double-flanged  head  connecting  the 
upper  and  lower  sheila  allows  suf- 
ficient flexibility  between  the  top 
and  bottom  tube  sheets  to  provide 
for  unequal  expansion  of  tubes  and 
shell.  The  ash  pit  is  built  of  brick 
and  the  water  leg  does  not  extend 
below  the  grate  level,  thus  doing 
away  with  dead-water  space.  Where 
overhead  room  pennits  and  ground 
space  is  expensive,  this  boiler  offers 
the  advantage  of  taking  up  a  small 
floor  space  as  compared  with  hori- 
zontal types. 

01.  Flre-boi  Boilers.  —  Although 
vertical  fire-tube  boilers  may  be 
classed  as  fire-box  boilers,  yet  the 
term  "firebox"  is  usually  associated 
with  the  locomotive  types,  whether 
used  for  traction  or  stationary  pur- 
poses. The  usual  form  of  fire-box 
boiler  as  applied  to  stationary  work 


cal  Fir^tube  Boilc 


i  illustrated  in  Fig.  32.  The  shell  is  prolonged  beyond  the  front  tube 
beet  to  form  a  smoke  box.  The  front  ends  of  the  tubes  lead  into  the 
moke  box  and  the  rear  ends  into  the  furnace  or  fire  box.     The  fire  box 
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is  ordinarily  of  rectangular  cross  section,  and  is  secured  against  collapse 
by  stay  bolts  and  other  forms  of  stays.  In  Fig.  32  the  smoke  box  is  of 
cylindrical  cross  section  and  hence  requires  no  staying  except  at  the 
flat  surface.  Fire-box  boilers  are  used  a  great  deal  in  small  heating 
plants  where  space  limitation  precludes  other  types.  Their  steam 
capacity  gives  them  an  advantage  over  the  vertical  tubular  form. 
Being  internally  fired  no  brick  setting  is  required.    They  are  usually 


Safety  Valve 


FireDoo* 


Ash  Door 


Fig.  32.    Typical  Fire-box  Boiler  —  Stationary  Type. 

of  cheap  construction,  designed  for  low  pressure,  and  seldom  made  in  _ 
sizes  over  75  horse  power.  Unless  carefully  designed  and  constructed 
high  steam  pressures  are  apt  to  cause  leakage  because  of  unequal  expan- 
sion of  boiler  shell,  tubes,  and  fire  box.  Portable  fire-box  boilers  with 
return  tubes  are  made  in  sizes  as  large  as  150  horse  power  and  for 
pressures  as  high  as  150  pounds  per  square  inch,  but  being  more  costly 
than  some  of  the  other  types  of  boilers  of  equal  capacity  arc  used  only 
where  portability  is  an  essential  requirement. 

tW.    Fttzglbbons  Boiler.  —  Fig.  33  shows  a  section  through  a  Fitz- 

Kibkm*  boiler  ami  setting  illustrating  a  combination  of  the  vertical 

l u! Hilar  ami  the  locomotive  fire-box  type.     This  combination  provides 

i  'a:xe  ami  efficient  combustion  chamber  with  economy  of  floor  space. 

riv  !u»n/.ontal  tube  sheets  are  completely  submerged  and  the  arrange- 

».    he  healing  surface  effects  an  exceedingly  rapid  water  circula- 

"•■.   «'ibivn<  boilers  are  made  in  various  sizes  ranging  from  10 

,.;m/    >vwer  and   are   finding  favor  with  engineers  for  small 

Piev    &rv  much  in  evidence  in  public  buildings  and 


•  *  "  i  !  •. 


«  M  I  ' 


\\    .«  <UC 


X 


BOILERS 


93 


n.  Scotch-marine  Boiler.  —  Where  an  internally  fired  boiler  is 
desired  for  large  powers  the  Scotch-marine  type  is  finding  much  favor 
with  engineers.  A  number  of  the  tall  office  buildings  in  Chicago  are 
equipped  with  boilers  of  this  class  which  are  giving  good  results.  They 
require  little  overhead  room,  no  brick  setting,  and  are  excellent  steamers. 
The  Continental  boiler,  Fig.  34,  is  one  of  the  best  known  of  this  type, 
The  boiler  is  self-contained  and  requires  no  brick  setting,  the  only  fire 
brick  used  being  those  that  form  the  bridge  wall,  baffle  ring,  and  the 
layer  at  the  back  of  the  combustion  chamber.  The  furnace  and  tubes 
are  entirely  surrounded  by  water,  so  that  all  fire  surfaces,  excepting  the 


Fia.  33.     10C-horao-power  Fitjgibbons  Boiler. 

rear  of  the  combustion  chamber,  are  water  cooled.  The  furnace  is 
corrugated  for  its  whole  length.  These  corrugations,  in  addition  to 
giving  greater  strength  to  the  furnace,  act  as  a  series  of  expansion  joints, 
taking  up  the  strains  due  to  unequal  expansion  of  furnace  and  shell. 
Practically  all  types  of  mechanical  stokers  and  grates  are  applicable  to 
these  boilers.  The  advantages  of  a  Scotch  boiler  and  of  all  internally 
fired  boilers  are:  (1)  minimum  radiation  losses;  (2)  requires  no  set- 
ting; (3)  no  leakage  of  cool  air  into  the  furnace  as  sometimes  occurs 
through  cracks  or  porous  brickwork  of  other  types;  (4)  large  steam- 
ing capacity  for  the  space  occupied.  The  circulation,  however,  is  not 
"rays  positive  and  the  water  below  the  furnace  may  be  considerably 
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below  the  average  or  normal  temperature,  giving  rise  to  unequal  expan- 
finii  mil  contraction  which  may  cause  leakage.  The  boiler  proper  is 
relatively  costly,  but  this  IB  offset  to  some  extent  by  the  absence  of 
siting. 

(4.  Kobb-Mmnford  BoUer.  —  Fig.  35  shows  a  section  through  a 
Rylib-Mumford  boiler,  which  is  a  modification  of  the  Scotch-marine 
:imJ  1 1"  the  horizontal  tubular  type.  It  consists  of  two  cylindrical 
G  lower  one  containing  a  round  furnace  and  tubes  ami  ihe 
!.|ii»r  one  funning  the  steam  drum,  the  two  being  connected  by  two 
oecks.  The  lower  shell  has  an  incline  of  about  one  inch  per  foot  from 
the  horizontal,  for  the  purpose  of  promoting  circulation  and  draft, 


w. 


-1-  ___T" 


Z3.* 


Fro.  35.     Rohl>- Mum ford  Boiler.  " 

awl  also  for  convenience  in  washing  out  the  lower  shell.  Combustion 
lata  place  in  the  furnace,  which  is  surrounded  entirely  by  water,  and 
p&aa  through  the  tubes  and  return  between  the  lower  and 
apect  -lull-  (this  space  being  inclosed  by  a  steel  casing)  to  the  outlet 
a'  the  front  of  the  boiler.  Mingled  water  and  steam  circulate  rapidly 
95 the  rear  neck  into  the  steam  drum,  where  the  steam  is  released,  the 
wier  passing  along  the  upper  drum  towards  the  front  of  the  boiler  and 
down  the  front  neck,  a  semi-circular  baffle  plate  around  the  furnace 
BQibg  the  down-flowing  water  to  circulate  to  the  lowest  part  of  the 
lower  shell  under  the  furnace.  The  outer  casing,  which  incloses  the 
space  between  the  lower  and  upper  shells,  including  the  rear  smoke 
Kb  :iini  the  smoke  outlet,  is  constructed  of  steel  plate,  with  angle-iron 
tiffeners,  the  various  sections  being  bolted  together  for 
Wnoval.    The  inside  of  the  steel  case,  including  the  rear  smoke  e 
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ber,  is  lined  with  asbestos  air-cell  blocks  fitted  in  between  the  angle-iron 
stiffeners.  The  top  of  the  upper  drum  and  bottom  of  the  lower  shell 
are  also  covered  with  non-conducting  material  after  the  boiler  is  erected. 
Owing  to  the  fact  that  steam  and  water  spaces  are  divided  l>etweeii  two 
cylindrical  shells,  the  thickness  of  plates  is  not  so  great  as  in  the  Scotch- 
marine  or  horizontal  return  tubular  types;  and  the  rear  chamber  of  the 
marine  boiler  is  avoided. 

The  chief  claim  for  this  type  of  boiler  is  compactness.  A  batten- 
of  five  200-horse-power  units  occupies  a  floor  space  of  but  33 
feet  in  width  by  20  feet  in  depth  and  12.5  feet  high.  Each  unit 
is  entirely  independent  and  may  be  isolated  for  cleaning,  inspection, 
and  repairs. 

65.  Horizontal  Return  Tubular  Boilers.  —  These  are  the  most  com- 
mon in  use  and  are  constructed  in  sizes  up  to  200  horse  power.  They 
are  simple  and  inexpensive  and,  when  properly  operated,  durable  and 
economical.  Figs.  36  to  39  show  various  forms  of  standard  settings 
and  Figs.  85,  86,  and  87  different  "smokeless"  settings.  The  grate  i* 
independent  of  the  boiler,  and  the  products  of  combustion  pass  beneatl 
the  shell  to  the  back  end,  returning  through  the  tubes  to  the  front 
and  into  the  smoke  connection. 

The  tubes  are  from  3  to  4  inches  in  diameter  and  from  14  to  18  feet  long 

and  are  expanded  into  the  tube  sheets.     The  portion  of  the  tube  sheet; 

not  supported  by  the  tubes  is  secured  against  bulging  by  suitable  stays 

Access  to  the  interior  of  the  boiler  is  obtained  through  manholes.     Tin 

most  convenient  arrangement  for  inspection  and  cleaning  is  to  hav 

one  manhole  located  at  the  top  of  the  shell  and  one  at  the  bottom  o 

the  front  tube  sheet.     Return  tubular  boilers  are  made  either  with  ai 

extended  front  (Fig.  36)  or  flush  front  (Fig.  37).     The  latter  costs  ; 

little  more  for  brick  and  setting,  but  it  is  more  convenient  to  operat 

and  the  boiler  is  less  expensive.     The  shell  may  be  supported  by  lug 

on  the  brickwork  as  in  Fig.  36  or  by  steel  beams  and  hangers  as  i; 

Fig.  38.    The  latter  construction  permits  the  brickwork  and  shell  t 

expand  or  contract  independently,  and  settling  of  the  brickwork  doe 

not  affect  the  boiler  alignment.     With  the  side  bracket  support,  th 

front  togs  usually  rest  directly  on  iron  or  steel  plates  embedded  in  th 

brickwork,  and  the  back  lugs  on  rollers,  to  permit  free  expansion  an< 

cwotractaoa.    The  brackets  are  long  enough  to  rest  upon  the  outsid 

•writ,  sb  that  the  inside  brick  lining  can  be  renewed  without  disturbin 

ifeMBic.   The  distance  Mwoen  the  roar  tube  sheet  and  wall  shoul 

)**»*»  tor  boilers  less  than  60  inches  in  diameter  and  fror 

ih*larfwr  ones.     The  distance  between  grate  and  boile 

^V»thau  vr  anthracite  coal  and  36  inche 
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rtical  distance  between  tin-  bridge  wall  and  shell  is  usually 
between  in  and  1-  inches.  The  lower  part  of  the  combustion  chamber 
behind  tin1  bridge  wall  may  be  filled  with  earth  and  paved  with  common 
brick  u  in  Fig.  39  or  left  empty  as  in  Fig.  37.  The  shape  of  the  bridge 
ether  curved  to  conform  to  the  shell  or  flat  appears  to  have 
little  influence  on  the  economy. 

'flic  side  and  end  walls  arc  ordinarily  constructed  of  common  brick 

*'rtli  00  inner  lining  of  fire  brick,  and  may  be  solid  as  in  Fig.  37  or 

fable  with  air  spaces  .-is  in  Fig.  36. f     The  latter  construction  is  pref- 

d  permits  the  inner  and  outer  walls  to  expand  independently 

nitluiiit  crnckmg  and  settling.     The  side  walls  are  braced  by  five  pairs 

ives,  with  through  rods  under  the  paving  and  over  the  tops 

'  I'W  nnokden  combustion  the  suiting  must  !"■  mu.lilini.      Sec  Furnaces  illua- 
:  bed  in  paragraph  !•". 

Flaw  of  Heat  through  Furnace  Walla,"  Bulletin  No.  8,  U.  S.  Bui 
""    »,19ll. 
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The  connection  between  the  rear  wall  and  the  shell  is  a  source  of 
more  or  less  trouble  on  account  of  the  expansion  and  contraction  of  the 
boiler.  Cast-iron  supports  of  T  section  supporting  a  fire-brick  arch 
are  usually  employed  as  illustrated  in  Fig,  4(1,  the  clearance  between 
the  arch  and  the  shell  being  sufficient  to  allow  the  necessary  expansion. 

Fig.  41  shows  the  common  method  of  resting  one  end  of  the  arch 
supports  on  the  rear  wall  and  the  other  end  on  an  angle  iron  riveted  to 
the  boiler. 

The  products  of  combustion  are  sometimes  carried  over  the  top  of 

the  boiler  as  shown  in  Fig.  39.     This  tends  to  superheat  the  steam,  but 

■  tit  age  gained  is  probably  offset  considerably  by  the  extra  cost 

of  the  setting  and  the  accumulation  of  soot  on  the  top  uf  the  shell.     The 

arrangement  is  not  common. 


team  connection  is  naturally  made  to  the  highest  point  in  the 

baler  shell.     Frequently  a  steam  dome,  to  which  the  steam  nozzle  is 

■i.  i-  provided  as  in  Fig.  37.     The  function  of  the  steam  dome 

is  lu  increase  the  steam  space  so  as  to  permit  the  collection  of  dry 

i  point  high  above  the  water  level.     If  a  boiler  is  inn  small  for 

and  is  forced  far  above  its  rating  a  steam  dome  is  probably  an 

■  .  though  ii-  use  is  less  common  now  than  formerly,  since  a 

designed  boiler  insures  ample  steam  space  without  one.     A 

tiry  pipe  inside  the  boiler  above  the  water  line  as  in  Fig.  34  or  35  is 

Used  to  guard  against  priming  where  the  nozzle  is  connected 

lathe  ihell. 

9k  low  pressures  and  small  powers  the  return  tubular  boiler  has  t 
affording  a  large  heating  surface  in  a  small  space  and  lat 
mrioad  capacity.      It  requires  little  overhead  room  and  its  f 
l»W.    On  the  other  hand  the  interior  is  difficult  of  access  for  t; 
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of  cleaning  ami  inspection.  Boilers  of  tliis  type  are  constructed  in 
various  sizes  ranging  from  a  36"  X  8',  rated  at  15  horse  power,  to  a 
90"  X  21',  rated  at  4(H)  horse  power,  though  sizes  above  200  horse 
power  are  exceptional.  The  working  pressure  scklr,n  exceeds  ISO 
pounds  per  square  inch. 

66.  Lyons  Boiler.  —  The  standard  externally  fired  return  tubular 
boiler  is  limited  in  size  since  the  danger  from  overheating  the  shell 
directly  over  the  fire  bed  increases  rapidly  with  the  increase  in  thick- 
ness of  the  plate,    The  Lynns  boiler,  a  section  through  which  is  shown 


in  Fig.  4-.  overcomes  this  restriction  through  the  addition  of  a  bank 
of  water  tubes  which  form  a  roof  to  the  furnace.  These  tubes  protect 
the  shell  from  the  direct  action  of  the  gases  and  insure  a  positive  and 
rapid  Circulation,  They  are  covered  with  tile  or  split  brick  and  form 
the  equivalent  of  a  "Dutch  oven."  Lyons  boilers  are  made  in  various 
sizes  up  to  450  horse  power. 

8J.  Scderholiti  Boiler.  —  Fig.  43  shows  a  longitudinal  section  and  a 
vertical  sectional  elevation  of  a  Sederholm  boiler  with  stationary-  grate 
and  setting.  This  boiler  is  a  modification  of  the  old  "elephant"  type 
BO  (such  in  evidence  in  France.  As  will  be  seen  from  the  illustration 
it  consists  essentially  of  I   return   tubular  boiler  fitted  with  four  hoi 
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rater-tube  type.  The  tubes,  usually  4  inches  in  diameter  and  18  feet 
a  length,  are  arranged  in  vertical  and  horizontal  rows  and  are  expanded 
nto  pressed-steel  headers.  Two  vertical  rows  are  fitted  to  each  header 
nd  are  "staggered"  as  shown  in  Fig.  45.  The  headers  are  connected 
rith  the  steam  drum  by  short  tubes  expanded  into  bored  holes.  Each 
ube  is  accessible  for  cleaning  through  openings  closed  by  covers  with 
round  joints  held  in  place  by  wrought-iron  clamps  and  bolts.  The 
ubes  are  inclined  at  an  angle  of  about  22  degrees  with  the  horizontal. 


Flo.  45.  -  Details  of 
'  Header  —  Babcock 
and  Wilcox  Boiler. 


Fio.  46.     Front  Section  —  Babcock  and  Wilcol  Boiler. 


The  rear  headers  are  connected  at  the  bottom  to  a  cast-iron  mud  drum. 
The  steam  drum  is  horizontal  and  the  headers  are  arranged  either  ver- 
tically or  at  right  angles  to  the  tubes.  The  boiler  is  supported  by  steel 
gliders  resting  on  suitable  columns  independent  of  the  brick  setting. 
The  grate  is  placed  under  the  higher  ends  of  the  tubes,  the  products  of 
combustion  passing  at  right  angles  to  the  tubes  and  being  deflected 
hack  and  forth  by  fire-tile  baffles.  The  feed  water  enters  the  front  of 
the  steam  drum  ad  shown  in  Fig.  46.  A  rapid  circulation  is  effected  by 
the  difference  in  density  between  the  solid  column  of  water  in  the  rear 
header  and  the  mixed  steam  and  water  in  the  front  one.    B.  &  W. 
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boilers  under  150  horse  power  have  but  one  steam  drum,  and  the  larger 
sizes  have  two.     The  number  of  tubes  varies  with  the  size  of  boiler, 


running   from  (t  wide  nnd  9  high  in  (he   100-horsp-power   boiler  to 
1 1  high  mid  IS  wide  in  the  500-horse-power  lx>ilers. 

ww.   IU'lm>  Roller.       I'ig.  47  shows  a  longitudinal  section  through  a 
I  U'Hii'  horizontal  water-tube  boiler.     This  boiler  differs  from  the  B.  &  W. 
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boiler  in  that  the  tubes  are  expanded  into  a  single  large  header  con- 
-imiti'il  of  boiler  steel.  The  drum  and  tubes  are  parallel  with  each 
other  and  inclined  about  22  degrees  with  the  horizontal.  The  feed 
fata  enters  at  the  front  of  the  steam  drum  and  Hows  into  the  mud 
drum,  from  which  it  passes  to  the  rear  header.  Steam  is  taken  from 
the  (toot  of  the  steam  drum  and  is  partially  freed  from  moisture  by  the 
dry  pipe  A.  A  baffle  over  the  front  header  prevents  an  excess  of  water 
frnin  being  carried  into  the  dry-  pipe.  As  the  rear  header  forma  one  large 
oo  additional  mud  drum  is  necessary  and  the  sediment  is 
bliwn  off  from  the  bottom  by  the  blow-off  cock.     The  circulation  is 

• what   freer  than  in  the  B.  &  W.  boiler  on  account  of  the  large 

sectional  area  through  the  headers. 
ie.  H'lckes    Holler.  —  Fig.    48    shows   a   section   through  a    Wickeo 
■i  tiler,   illustrating  the  vertical   water-tube  type.     The  steam 
drum  and  water  drum  are  arranged  one  directly  above  the  other.     The 
tubes  ire  expanded  and  rolled  into  both  tube  sheets  and  are  divided 
into  two  sections  by  fire-brick  tile.     The  water  line  in  the  steam  drum 
w  carried  about  two  feet  above  the  tube  sheet,  leaving  a  space  of  five 
(<rt  between  water  line'and  top  of  the  drum.     This  affords  a  large 
steam  space    and    disengagement    surface      Feed    water    is    introduced 
into  the  steam  drum  below  the  water  line  and  flows  downward  through 
the  tubes  of  the  second  compartment.     The  boiler  is  supported  by  four 
riveted  to  the  shell  of  the  bottom  drum  and  is  independent 
ling.     The  entire  boiler  is  inclosed  in  brickwork  and  is  coin- 
pietdy  surrounded  by  the  products  of  combustion.     The  upper  part 
of  the  steam  drum  acts  as  a  superheating  surface  and  tends  to  dry 
tin1  steam.     Wickes  boilers  are  simple  in  design,  easy  to  inspect  and 
dean,  low  in  first  cost,  and  comparable  in  efficiency  with  any  water- 
tube  type  of  boiler. 

II.  Parker  Butler.  — Fig.  49  shows  a  longitudinal  sirtioiml  elevation 
lad  u  end  sectional  elevation  of  a  1200-horse-power  Parker  down- 
Boll  boiler  with  double-ended  setting.  This  type  of  boiler  is  finding 
iii'iHi  favor  with  engineers  for  central  stations  where  large  units  are 
I'he  I'arkcr  boiler  differs  from  the  conventional  horizontal 
Hater-tube  boiler  principally  in  circulation  and  flexibility. 

he, |  water  is  pumped  into  the  economizer  or  feed  element  (1),  Fig. 

!■<.  .it  0,  0,  and  (lows  downward  through  a  series  of  tubes,  discharging 

hilly  into  the  drum  through  an  upcast  //.     In  a  large  unit,  as  illua- 

re,  there  are  two  feed  elements  :md  two  drums.     The  ehcula- 

■    feed  element  is  indicated  by  solid  lines  and  arrow  points  at 

tin1  left  of  the  end  sectional  elevalion,  the  tubes  having  been  unfitted 

[rawing  for  the  sake  of  clearness. 
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le  bank  of  tubes  to  the  mud  drum.  The  interior  of  the  drums 
ble  for  cleaning  by  manholes  located  in  the  ends.  The  Stirling 
is  distinctive  in  design.  A  fire-brick  arch  is  sprung  over  the 
nmediately  in  front  of  the  first  bank  of  tubes.  The  large  tri- 
space  between  boiler  front,  tubes,  and  mud  drum  forms  the 
ion  chamber.  Stirling  boilers  are  somewhat  lower  in  first 
a  other  types  of  water-tube  boilers  on  account  of  the  absence 


-  Via.  El.     Stirling  Boiler  and  Setting. 
us  hand  holes  and  the  like  which  are  necessary  in  the  hori- 
e. 

gives  a  sectional  view  through  the  l>oiler  and  setting  of  a 

rsc-power  Stirling  boiler  equipped  with  Taylor  stokers  as  in- 

the  Delray  station  of  the  Detroit  Edison  Company.     Five 

re  now  in  operation  and  it  is  planned  to  eventually  install 

lough  rated  at  2365  boiler  horse  power  they  are  capable  of 

Continuously  a  load  equivalent  to  6000  kilowatts  with  u  max- 

8000  kilowatts.     The  overall  dimensions  of  the  boiler  f 
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Flo.  52.     2365-borso-power  Stirling  Boiler  —  Delray  Station.  Detroit  Ediaon  Company. 
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setting  are  shown  in  the  illustration.  Each  unit  contains  23.654  square 
feet  of  Effective  heating  surface  and  is  provided  with  superheaters  for 
supplying  steam  at  150  degrees  superheat.  Table  31  gives  a  resume" 
nf  the  principal  results  obtained  from  tests  of  these  units  with  Roney 
tnd  Taylor  sinkers.     The  grate  surface  per  toiler  for  the  Roney  stoker 


□ 


O 


^t 


■■■■  feel  and  for  the  Taylor  stoker  40";  square  feet,  thus  giving 

jurface  to  heating  surface  1  :  53  and  1:  58.5  respectively. 

fur  :i  irumplcte  description  of  these  tests  see  Jour.  A.S.M.E.,  Nov., 

1911,  p.  14.19.  * 

'I.  The  lElgclon-Homsbj    Boiler. — Fig.  53  shows  a  vertical   section 

1  ligelow-Hornaby  boiler  equipped  with  Foster  superheater  a 

iker.     This  boiler  is  of  the  vertical  water-tube  type  ; 

e  up  of  a.  number  of  cylindrical  elements,  each  element  compi 
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an  upper  and  lower  drum  connected  by  straight  tubes.  The  two  fro 
elements  are  inclined  over  the  furnace  at  an  angle  of  about  68  degree 
and  the  two  rear  elements  are  vertical.  The  upper  drums  of  the  e 
ments  are  connected  to  a  horizontal  main  steam  drum  by  flexible  tubi 
as  indicated.  Four  elements  constitute  a  section  with  an  effecti 
heating  surface  of  1250  square  feet.  Any  number  of  sections  may 
connected  together  forming  units  of  from  250  to  2500  boiler  horse  po\^ 
or  more.  All  parts,  both  external  and  internal,  are  readily  accessib 
Feed  water  enters  the  top  drum  of  the  rear  elements  and  passes  tw 
the  length  of  the  tubes  before  entering  into  the  general  circulatk 
This  arrangement  permits  a  considerable  portion  of  the  impurities 
the  water -to  be  precipitated  in  the  rear  drum  from  which  they  i 
readily  discharged.  By  the  time  the  water  reaches  the  front  of  t 
boiler  directly  over  the  furnace,  where  the  heat  transmission  is  the  m< 
intense,  the  scale-forming  elements  have  been  practically  eliminate 
The  particular  features  of  this  boiler  lie  in  the  great  extent  of  heati 
surface  exposed  to  radiant  heat  and  the  height  and  volume  of  the  co 
bustion  chamber.  Bigelow  boilers  are  productive  of  high  econoi 
and  are  readily  forced  to  twice  their  rated  capacity  with  little  decree 
in  over-all  efficiency.  The  most  notable  installation  of  Bigelow  boil* 
in  this  country  is  at  the  power  plant  of  the  Hartford  Electric  Light 
Power  Company,  Hartford,  Conn.,  where  two  1250-  and  one  2500-boi] 
horse-power  units  are  installed.  The  latter  is  the  largest  single  boi 
and  setting  in  the  world  at  this  writing  (Feb.,  1912). 

74.  Unit  of  Evaporation.  —  The  performance  of  a  boiler  and  f urn* 
may  be  expressed  in  terms  of  the  weight  of  water  evaporated  per  he 
per  square  foot  of  heating  surface  or  of  the  weight  evaporated  i 
pound  of  fuel.  To  reduce  all  performances  to  an  equal  basis  so  as 
facilitate  comparison  the  evaporation  under  actual  conditions  is  c< 
veniently  referred  to  the  equivalent  evaporation  from  a  feed-wa 
temperature  of  212  degrees  F.  to  steam  at  atmospheric  pressure.  T 
heat  required  to  evaporate  one  pound  of  feed  water  at  a  temperati 
of  212  degrees  F.  into  steam  of  the  same  temperature,  or  "from  a 
at  212  degrees,,  as  it  is  commonly  called,  is  970.4  B.t.u.  The  ratio 
the  heat  necessary  to  evaporate  one  pound  of  water  under  actual  cc 
ditions  of  feed  temperature  and  steam  pressure  to  the  heat  requir 
to  evaporate  one  pound  from  and  at  212  degrees  is  called  the  factor 
evaporation.     Thus,  for  dry  steam, 

F--Q70A'  (2 

*  For  most  practical  purposes  q%  may  be  taken  as  t  —  32,  in  which  t  »  tei 
perature  of  the  feed  water,  degrees  F. 
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in  which 

F  =  factor  of  evaporation, 

X  =  total  heat  of  one  pound  of  steam  at  observed  pressure  above 

32  degrees  F., 
q,  =  total  heat  of  one  pound  of  feed  water  above  32  degrees  F. 

If  the  steam  is  wet, 

X  =  xr  +  q,  (28) 

in  which 

x  =  the  quality  of  the  steam, 

r  =  latent  heat  of  evaporation  at  observed  pressure, 

q  -  ■  heat  in  liquid  at  observed  pressure. 
If  the  steam  is  superheated, 

X  =  r  +  q  +  Ct„  (29) 

in  which 

C  =  the  mean  specific  heat  of  the  superheated  steam, 

/,  =  the  degree  of  superheat,  degrees  F. 

».  Heat  Transmission.  ■ —  Fig.  54  shows  a  section  through  a  boiler- 
beating  plate  and  serves  to  illustrate  the  accepted  theory  of  heat  trans- 
mission. The  outer  surface  of  the 
plate  is  covered  with  a  thin  layer 
of  eoot  and  a  film  of  gas,  and  the 
inner  surface  is  similarly  protected 
by  a  layer  of  scale  and  a  film  of 
steam  and  water.  It  is,  therefore, 
reasonable  to  assume  that  the  dry 
surface  of  the  plate  is  located 
somewhere  within  the  film  of  gas, 
and  the  wet  surface  within  the  Elm 
of  water  and  steam. 

The  heat  is  imparted  to  the  dry 
surface  by:  (1)  radiation  from  the 
hot  fuel  bed  and  furnace  walls, 
and  by  (2)  convection  from  the 
muring  furnace  gases.  The  heat 
is  transferred  through  the  boiler 
plate  and  its  coatings  purely  by 
tondvdion.  The  final  transfer 
bom  the  wet  surface  to  the  boiler 
■mainly  by  convection. 

Radiation  depends  on  the  temperature,  and  according  to  the  law  of 
Stefan  and  Boltsmann  is  approximately  proportional  to  the  difference 


116  STEAM  POWER  PLANT  ENGINEERING 

between  the  fourth  power  of  the  absolute  temperature  of  the  fuel 

and  furnace  walls  and  the  temperature  of  the  dry  surface  of  the 

ing  plate.    According  to  this  law  the  heat  transmitted  by  radi 

increases  rapidly  with  the  increase  in  furnace  temperature.     Ir 

ordinary  boiler  and  setting  the  surface  exposed  to  radiation  is  oi 

small  portion  of  the  total  heating  surface,  and,  since  in  well-opei 

furnaces  the  temperature  of  the  furnace  cannot  be  increased  mate] 

on  account  of  practical  considerations,  there  is  little  hope  of  incre 

the  capacity  of  a  boiler  by  increasing  the  furnace  temperature. 

extent  of  heating  surface  exposed  to  radiation,  however,  may  be  gr 

increased.     Many  authorities  are  of  the  opinion  that  the  boiler  o 

future  will  depend  largely  upon  radiation. 

The  heat  imparted  to  a  boiler  plate  by  convection  may  be  detern 

by  the  following  equation  (Prof.  Perry,  "  The  Steam  Engine," 

Ed.,  p.  588): 

H  =  C  (h  -  U)  vd, 

in  which 

H  =  B.t.u.  transferred  per  hour  per  sq.  ft.  of  heating  surfac< 

C  =  a  coefficient  determined  by  experiment, 

ti  =  temperature  of  the  moving  gases,  degrees  F., 

U  =  temperature  of  the  dry  plate  surface,  degrees  F., 

v  =  velocity  of  the  gases,  feet  per  second, 

d  =  density  of  the  gases,  pounds  per  cubic  foot. 

Professor   Nicholson   gives   the  following  modifications  of  fori 
(30)  as  applied  to  boiler  tubes  or  flues  (Engr.  Lond.,  Feb.  19,  1908 

t 


H  = 


+  45l(1  +  =)    &-«■* 


x200 

in  which 

t  =  mean  film  temperature, 
m  =  hydraulic  radius  =  area  of  tube  in  square  inches  -*-  perin 
of  the  tube  in  inches;  other  notations  as  in  (30). 

Both  equations  are  based  upon  the  same  general  law  except  that 
latter  gives  a  means  of  determining  coefficient  C  in  terms  of  the  n 
film  temperature  and  the  dimensions  of  the  flues  or  tubes. 

An  examination  of  equation  (30)  shows  that  for  a  given  set  of  co 
tions  the  heat  imparted  by  convection  to  a  unit  of  dry  surface  of  h 
ing  plate  varies  directly  as  the  difference  between  the  temperatur 
the  hot  gases  and  that  of  the  dry  surface  and  directly  as  the  velo 
and  density  of  the  gases.  However,  the  density  of  the  gases  di 
with  the  rise  of  temperature,  and  increase  in  furnace  temperature  c 
not  necessarily  imply  increase  in  heat  impartation.     It  is  the  util 


lion" of  the  velocity  factor,  then,  which  offers  a  possibility  of  increasing 

■  ■  . 

mentfl  by  Professor  Nicholson  and  the  V.  8,  Geologica!  Survey 

.;    by  establishing  a  powerful  scrubbing  action  between  the 

pad  and  the  boiler  plate  the  protecting  film  of  gas  is  torn  off  as  rapidly 

:  in.il  and  new  portions 
uf  llic  li"t  gases  are  broiifiht  into 
notact  frith  the  plate,  therebj 
gnstlj  Increasing  the  rate  of 
":M  transmission,  Similarly,  the 
i  .i-icr  'In'  circulation  of  the  water 
&e  greater  will  be  the  scrubbing 
teStm  tending  to  remove  the 
steam  from  the  wet 
HtfHeand  the  more  rapid  will  be 
the  transfer  from  the  plate  to  the 
boiler  rater. 

i  .1  n«?e  nf   the    metal 

small  that  it  may  be 

neglected  in  calculating  the  heat 

iMii-iiii-siuii,    and    it    may    be 

timed  that  the  plate 

of  all  the  beat  that 

surface.  , 

easor  Nicholson  found  that 

filling  op  I  be  flue  of  a  Cornish 

with    an    internal    water   ' 

■    annular  space  i 

of  only  I  inch  around  the  latter,    |-g| 

inmporation  eight   times  the  ^|~^ 

rate  was  effected  at  a   J^§ 

■<  -  330  feet  per  second  ll|l" 

SttJ  [0  times  the  average  flow).  , 

The  fan   fur   creating  the  draft     Pa-tcn 

:ln mi     II   per  cent  of   Fiu.  55. 

power.  of " 

The   ronelusion    is    that    the 

trfacc  for  a  given  evaporation  at  the  present  rating  i 
I"    reduced    as    much    as    90    per   cent    for   the  same   output, 

ponding   reduction    in   the  size,   cost,   and  space  requirements 
a    given    heating    surface    of    standard    rating     li  ■ 
ormously   increased;    also  the   increase   in  power  net 
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to  create  the  draft  is  by  no  means  comparable  with  the  advantag 
gained. 

The  modern  locomotive  boiler  is  the  nearest  approach  to  these  co 
ditions  in  practice.  Here  a  powerful  draft  forces  the  heated  gas 
through  small  tubes  at  a  very  high  velocity  and  an  enormous  evap 
ration  is  effected  with  a  comparatively  small  heating  surface.  S 
Fig.  55  for  influence  of  draft  on  the  capacity  of  a  torpedo-boat  boil 
(Power  and  Engr.,  May  24,  1910). 

These  principles  have  been  applied  to  a  limited  extent  to  stationa 
boilers  already  installed  by  making  the  gas  passages  smaller  as"  coi 
pared  to  the  length  by  means  of  suitable  baffles  (Fig.  49)  and  by  foi 
ing  larger  weights  of  gas  through  the  boiler,  either  by  forced  draft 
by  increasing  the  grate  area  (Fig.  52). 

In  a  general  sense  when  the  capacity  of  a  boiler  is  doubled  or  tripl 
the  over-all  efficiency  of  the  whole  steam-generating  apparatus  droi 
but  the  advantage  gained  usually  offsets  the  loss  in  fuel  economy, 
close  examination  of  the  results,  however,  will  show  that  the  loss 
efficiency  is  due  more  to  low  furnace  efficiency  than  to  inability  of  t 
boiler  to  absorb  the  heat  generated. 

In  view  of  recent  experiments  it  is  not  unlikely  that  within  the  ne 
tea  years  boilers  will  be  constructed  capable  of  developing  a  boiler  hor 
power  with  two  or  three  square  feet  of  heating  surface  instead  of  t< 
square  feet,  as  at  present,  and  with  high  over-all  efficiency.  (S 
K\tf^  xu  and  58.) 

t(^t  Transmission  in  Boilers,  Kreisinger  and  Ray:  Power  and  Engr.,  June  S 
Mfc>**»  p  till;  Bulletin  No.  18  U.  S.  Bureau  of  Mines,  1912;  Journ.  West  S( 
K*i*i*.  Sept.  IS,  1907;  Am.  Inst.  Elect.  Engrs.,  Dec.  13,  1907. 

:ii*i  VniHshr  and  Future  Boiler  Praetice:  A.  H.  Allen,  Power  and  Engr.,  Sej 
M.  -MUtf,  p    ISJ;   Khriir-.  liond.,  Feb.  19,  1908. 

'  it   lUxki  c/  Fuel*  and  Furnace  Efficiency:   W.  D.  Ennis,  Power  and  Engr.,  Ju 

i   x«*u$»  «•*  Moif  Transmission  (The  Transmission  of  Heat  to  Water  in  Tubes 
V:t«i^i  ■**  '-No  Velocity  of  the  Water),  J.  K.  Clement  and  C.  M.  Garland,  Uni 
»  .  t    'ttiUttiu  No    10,  Sept.  27,  1909;    Power  &  Engr.,  Feb.  7,  1911,  p.  222. 

*%*  tftttfctott  Surface.  —  All  parts  of  the  boiler  shell,  flues,  or  tub 
,  ,.*.i    ^*  Ativmt  by  water  and  exposed  to  hot  gases  constitute  tl 

^  >^i*Avx\     Any  surface  having  steam  on  one  side  and  expose 

^    v>b*-<n  oa  the  other  is  superheating  surface.     According  to  tl 

.  ^-..vwftu^fcti*  v>f  the  American  Society  of  Mechanical  Engineer 

w<    ^v*   v>  the  fcftsvs  i*  to  be  used  in  measuring  the  extent  of  tl 

L«>mNk    Thus  measurements  are  made  of  the  inside  area  < 

,*u*  litt  outside  area  of  ""  '      fubes.     The  heating  surface  i 
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a  boiler  under  average  conditions  of  good  practice  is  most  efficient  when 
the  heated  gases  leave  the  uptake  at  a  temperature  of  100  to  200  degrees 
F.  above  that  of  the  steam.  Each  square  foot  of  heating  surface  is 
capable  of  transmitting  a  certain  amount  of  heat,  depending  upon  the 
conductivity  of  the  material,  the  character  of  the  surface,  the  temperature 
difference  between  the  gas  and  the  water,  the  location  and  arrangement  of 
the  tubes,  the  density  of  the  gas,  the  velocity  of  the  gas,  and  the  time  allowed 
for  transmission  of  the  heat. 

Thus  one  square  foot  of  heating  surface  in  the  first  pass  of  a  water- 
tube  boiler  immediately  over  the  incandescent  mass  of  fuel  may  evapo- 
rate as  high  as  50  pounds  of  water  per  hour  from  and  at  212  degrees  F., 
whereas  the  same  extent  of  surface  close  to  the  breeching  evaporates 
less  than  one  pound  per  hour.  Because  of  this  extreme  variation  it  is 
convenient  to  assume  a  uniform  heat  transmission  for  the  entire  surface 
which  will  give  the  same  total  evaporation  as  that  actually  obtained. 
For  maximum  economy  under  average  conditions  of  operation  this  gives  a 
mean  evaporation  of  3  to  3.5  pounds  of  water  per  square  foot  per  hour 
from  and  at  212  degrees  F.,  which  is  equivalent  to  allowing  10  to  12 
square  feet  per  boiler  horse  power.  By  providing  a  large  combustion 
chamber,  increasing  the  extent  of  the  first  pass  or  the  equivalent  and 
by  carrying  a  very  thick  bed  of  fuel  a  mean  evaporation  of  7  pounds 
per  square  foot  per  hour  has  been  maintained  with  high  economy. 
This  corresponds  to  5  square  feet  of  heating  surface  per  boiler  horse 
power. 

The  maximum  evaporation  is  limited  only  by  the  amount  of  coal  which 
can  be  burned  upon  the  grate.  For  example,  a  mean  evaporation  as  high 
as  20  pounds*  per  square  foot  per  hour  has  been  effected  in  torpedo- 
boat  practice,  under  intense  forced  draft,  and  12  pounds  per  square 
foot  per  hour  is  not  unusual  in  locomotive  work.  Such  extreme,  high 
rates  of  evaporation,  however,  are  invariably  obtained  at  the  expense 
of  fuel  economy.  In  the  very  latest  central  stations  the  boiler  and 
settings  are  proportioned  to  operate  at  100  per  cent  above  standard 
rating  with  high  over-all  efficiency  and  at  200  per  cent  above  rating 
with  only  a  small  drop  in  efficiency,  but  such  results  are  not  obtainable 
in  the  ordinary  everyday  boiler  and  setting. 

Builders  of  return  tubular  and  vertical  fire-tube  boilers  allow  from  11 
to  12  square  feet  of  heating  surface  per  horse  power;  water-tube  boilers 
Me  rated  at  10  square  feet  per  horse  power,  and  Scotch-marine 
boilers  at  8  square  feet  per  horse  power. 

See,  also,  paragraph  81,  Effect  of  Capacity  on  Efficiency. 

*  Eng.  Mag.,  Jan.,  1912,  p.  504. 
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The  following  table  shows  approximately  the  relation  between  boi 
horse  power  and  heating  surface  for  different  rates  of  evaporation: 

EVAPORATION  FROM  AND  AT  212  DEGREES  F.  PER  SQUARE  FOOT  PER  HOU! 


2 

2.5 

3.0 

3.5 

4 

5 

6 

7 

8 

9 

10 

SQUARE  FEET  HEATING  SURFACE  REQUIRED  PER  HORSE  POWER. 

17.3 

13.8 

11.5 

9.8 

8.6 

6.8 

5.8 

4.9 

4.3 

3.8 

3.5 

Efficiency'of  Boiler  Heating  Surface:  Trans.  A.S.M.E.,  18-328,  19-571.     K< 
"Steam  Boiler  Economy"  (John  Wiley  &  Sons),  Chapter  IX. 

The  Nature  of  True  Boiler  Efficiency:  Jour.  West.  Soc.  Engrs.,  Sept.  18,  1907. 
Heat  Transference  through  Heating  Surface:  Engineering,  77-1. 

77.  The  Horse  Power  of  a  Boiler.  —  A  boiler  horse  power  is  equival 
to  the  evaporation  of  34.5  pounds  of  water  per  hour  from  a  temp 
ature  of  212  degrees  F.  to  steam  at  atmospheric  pressure.  This  coi 
sponds  to  33,479  B.t.u.  per  hour.  Since  the  power  from  steam 
developed  in  the  engine  and  the  boiler  itself  does  no  work,  the  ab 
measure  of  capacity  is  merely  conventional.  Thus  one  boiler  he 
power  will  furnish  sufficient  steam  to  develop  about  three  actual  he 
power  in  the  best  compound  condensing  engine,  but  only  one-1 
horse  power  in  a  small  non-condensing  engine.  Boilers  should 
purchased  on  the  basis  of  heating  surface  and  not  on  the  horse-po^ 
rating,  since  one  bidder  may  offer  a  boiler  with,  say,  5  square  feet 
heating  surface  per  horse  power  and  another  with  10  square  feet,  b< 
being  capable  of  the  required  evaporation,  but  the  one  with  the  sn 
heating  surface  (which  will,  of  course,  be  the  cheaper  boiler)  will  h: 
considerably  less  reserve  capacity.  Manufacturers  ordinarily  rate  tl 
boilers  on  the  basis  of  from  10  to  12  square  feet  of  heating  surface  per  he 
power,  and  the  power  assigned  is  called  the  builder9 s  rating.  As  t 
practice  is  not  uniform,  bids  and  contracts  should  always  specify 
amount  of  heating  surface  to  be  furnished.  According  to  the  recc 
mendations  of  the  American  Society  of  Mechanical  Engineers,  "A  bo 
rated  at  any  stated  capacity  should  develop  that  capacity  when  us 
the  best  coal  ordinarily  sold  in  the  market  where  the  boiler  is  locat 
when  fired  by  an  ordinary  fireman,  without  forcing  the  fires,  wl 
exhibiting  good  economy.  And,  further,  the  boiler  should  develop 
least  one-third  more  than  stated  capacity  when  using  the  same  f 
and  operated  by  the  same  fireman,  the  full  draft  being  employed  e 
the  fires  being  crowded;  the  available  draft  at  the  damper,  unless  oth 
wise  understood,  being  not  less  than  one-half-inch  water  column. 
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In  determining  the  boiler  horse  power  required  for  a  given  engine 
horse  power  it  is  convenient  to  estimate  the  steam  consumption  of 
the  engine  under  actual  conditions  and  then  ascertain  the  equivalent 
evaporation  from  and  at  212  degrees  F.  For  example,  assume  a  single 
non-condensing  engine  developing  20  horse  power  to  use  50  pounds  of 
steam  per  horse-power  hour,  or  1000  pounds  steam  per  hour;  steam 
pressure,  80  pounds  per  square  inch;  feed-water  temperature  120  degrees 
F.  Required  the  boiler  horse  power  necessary  to  furnish  this  quantity 
of  steam. 

From  equation  (27),  the  factor  of  evaporation  is 

F  _  \-g2  _  1185.3  -  87.91  _ 

*  "  970.4  970.4  lml*lm 

One  thousand  pounds  of  steam  under  the  given  conditions  are  therefore 
equivalent  to  1000  X  1.131  =  1131  pounds  from  and  at  212  degrees  F. 
The  boiler  horse  power  necessary  to  furnish  steam  for  the  20-horse- 

power  engine  will  be 

1131 
Boiler  horse  power  =  -5-5-^  =  32.8. 

o4.0 

Example:  A  15,000-kilowatt  steam  turbine  and  auxiliaries  require 
14.7  pounds  of  steam  per  kilowatt-hour  at  rated  load;  steam  pressure 
200  pounds  per  square-inch  gauge;  superheat  150  degrees  F.;  feed- 
water  temperature,  179  degrees  F. 

Required  the  boiler  horse  power  necessary  to  furnish  this  quantity 
of  steam. 

The  heat  furnished  to  the  turbine  and  auxiliaries  per  kilowatt-hour 
is 

w{X  +  Cy.  -  q2 1  =  14.7  J  1199.2  +  0.57  X  150  -  146.88* 

=  16,724  B.t.u., 

Boiler  horse  power  =  — —       ^A  ' =  7500  (approx.). 

For  forced  capacity  of  boilers,  see  Table  30. 

TO.  Grate  Surface.  —  The  amount  of  fuel  which  can  be  burned  per 
hour  limits  the  amount  of  water  evaporated  per  unit  of  time  and  de- 
pends upon  the  extent  and  nature  of  the  grate  surface,  the  character 
of  the  fuel  and  the  draft.  In  locomotive  and  torpedo-boat  practice 
space  limitations  necessitate  the  use  of  small  grates  and  the  rate  of 
combustion  is  primarily  a  direct  function  of  the  draft.  In  stationary 
practice  there  is  a  wide  permissible  range  in  proportioning  the  grate 
Mrface  since  a  given  rate  of  combustion  may  be  effected  with  larg^ 
grate  surface  and  light  draft  or  with  small  grate  surface  and  stroi 
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draft.  In  a  general  sense  the  best  results  are  obtained  with  a  sm; 
grate  and  a  high  rate  of  combustion,  but  in  the  majority  of  installatio 
the  draft  is  comparatively  feeble  and  a  liberal  grate  area  is  necessai 
So  much  depends  upon  the  grade  and  size  of  the  fuel  that  general  nil 
for  proportioning  the  grate  surface  are  apt  to  lead  to  serious  error. 
liberal  allowance  of  grate  surface  is  desirable  for  hand-fired  furnac 
with  natural  draft,  particularly  if  the  ash  is  easily  fusible,  tending 
choke  the  grate,  but  with  forced  draft  and  automatic  stokers  the  b€ 
results  are  obtained  with  a  thick  fire  and  small  grate  surface.  T 
relation  between  draft  and  rate  of  combustion  for  various  sizes  ai 
kinds  of  coals  is  shown  in  Fig.  155. 

A  number  of  boiler  tests  made  by  Barrus  ("Boiler  Tests")  show- 
that  the  best  economy  with  anthracite  coal,  hand-fired,  was  obtain 
with  an  average  ratio  of  grate  surface  to  heating  surface  of  1  to  36,  ai 
at  a  rate  of  combustion  of  approximately  12  pounds  of  coal  per  squa 
foot  of  grate  surface  per  hour.  In  these  tests  a  variation  in  grate  ai 
heating-surface  ratio  of  1  to  36  up  to  1  to  '46  gave  practically  no  diffe 
ence  in  economy.  With  bituminous  coal  the  tests  showed  that  an  avera 
ratio  of  1  to  45  gave  the  best  results  and  at  a  rate  of  combustion 
24  pounds  of  coal  per  square  foot  of  grate  surface  per  hour. 

Tests  made  by  Christie  (Trans.  A.S.M.E.,  19-330)  gave  an  avera^ 
combustion  of  13  pounds  of  anthracite  per  square  foot  of  grate  per  hoi 
for  maximum  efficiency  and  24  pounds  of  bituminous. 

Current  central-station  practice  gives  average  rates  of  combustion 
follows: 

POUNDS  OF  COAL  BURNED  PER  HOUR  PER  SQUARE  FOOT  OF  GRATE  SURFACE. 

(Natural  Draft.) 

Anthracite,  nut 15-20  Semi-bituminous,  run  of  mine  20-30 

Anthracite,  pea 12-18  Semi-bituminous,  screenings .  20-30 

Anthracite,  buckwheat  No.  1 .  .  8-12  Bituminous,  run  of  mine.  .  .  .  20-45 

Anthracite,  buckwheat  No.  3.  .  0-10  Bituminous,  screened  nut.  . ..  20-40 

Semi-anthracite,  run  of  mine  .  .  18-25  Bituminous,  screenings 20-35 

Semi-anthracite,  screenings.  .  . .  12-22  Bituminous,  slack 18-30 

With  forced  draft  these  rates  of  combustion  may  be  greatly  increase 
Some  idea  of  the  extreme  rate  of  combustion  in  modern  locomoti) 
practice  may  be  obtained  from  the  following  figures  which  give  tl 
pounds  of  coal  burned  per  hour  per  square  foot  of  grate  surface  f< 
various  conditions  of  operation: 

Maximum  rate 200     Average  rate 80 

Very  high  rate 150     Economical  rate 60 

Average  high  rate 100     Low  rate 50 
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Table  26  gives  the  relation  between  heating  and  grate  surface  in  a 
number  of  recent  boiler  installations  using  different  kinds  of  coal,  and 
is  illustrative  of  current  practice. 

In  proportioning  the  grate  surface  for  a  proposed  installation  the 
principal  factor  considered  is  the  character  of  the  fuel,  a  study  being 
made  of  the  various  fuels  available,  and  the  one  selected  which  gives 
the  highest  evaporation  per  dollar  (all  items  entering  into  the  handling 
and  combustion  of  the  fuel  being  considered).  This  information  may 
usually  be  obtained  from  records  of  plants  using  the  same  grade  of  fuel 
and  grates  similar  to  those  intended  for  the  proposed  plant. 

71.  Boiler  and  Furnace  Efficiency.  —  A  perfect  or  ideal  boiler  and 
furnace  is  one  which  transmits  to  the  water  in  the  boiler  the  total  heat 
of  the  fuel.  In  order  to  effect  this  result  combustion  must  be  complete, 
there  must  be  no  radiation  or  leakage  losses  and  the  products  of  com- 
bustion must  be  discharged  at  the  initial  temperature  of  the  fuel.  Xo 
commercial  form  of  steam  boiler  can  fulfill  these  conditions,  hence  the 
amount  of  heat  absorbed  bjr  the  boiler  will  always  be  less  than  the 
calorific  value  of  the  fuel. 

The  efficiency  of  the  boiler  and  grate,  and  that  of  the  boiler  alone  as 
recommended  by  the  A.S.M.E.,  Rules  for  Conducting  Boiler  Tests, 
(Jour.  A.S.M.E.,  Nov.,  1912)  may  be  expressed  as 

Heat  absorbed  by  the  boiler 

ra .  - ■    .,  ,       ,  per  pound  of  coal  as  fired  /0rtX 

Efficiency  of  boiler  and  grate  =  ^ — ^ -. ? - ? ,  (32) 

Calorific  value  of  one  pound 

of  coal  as  fired 
and  that  of  the  boiler  alone, 

Heat  absorbed  by  the  boiler  per  pound 
Efficiency  of  boiler  =    °[  combustible  burned  on  the  grate, 

Calorific  value  of  one  pound  of  corn- 
bustible  as  fired. 

The  calculation  of  these  efficiencies  is  illustrated  by  the  following 
example: 

DATA   AS   OBSERVED. 

Steam  pressure,  pounds  per  square  inch  (gauge) 151.0 

Barometer,  inches  of  mercury 28.5 

Temperature  of  feed  water,  degrees  F 161 .8 

Temperature  of  the  furnace,  degrees  F 2100.0 

Temperature  of  flue  gases,  degrees  F 480.0 

Temperature  of  boiler  room,  degrees  F 60.0 

Quality  of  steam,  per  cent 98.0 

Water  apparently  evaporated,  pounds  per  hour 86,000 

Coal  as  fired,  pounds  per  hour 10,000 

Refuse  removed  from  ash  pit,  pounds  per  hour 1600 
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COAL  ANALYSIS,   PER  CENT  OF  COAL  AS  FIRED. 

Moisture 8 

Ash 12 

B.t.u.  per  pound,  11,250. 

CALCULATED  DATA. 

Water  apparently  evaporated  per  pound  of  coal  as  fired,  pounds  =  86,000  -s-  10,000 

=  8.60. 
Factor  of  evaporation*  =  [0.98  X  856.8  +  338.2  -  (161.8  -  32)]  -r  970.4  =  1.08. 
Equivalent  evaporation  per  pound  of  coal  as  fired,  pounds  =  8.6  X  1.08  =  9.288. 
Heat  absorbed  by  the  boiler  per  pound  of  coal  as  fired,  B.t.u.  =  9.288  X  970.4  = 

9,013.0. 
Efficiency  of  boiler  and  grate,  per  cent  =  (9.013  -s-  11,250)  100  =  80.11. 
Refuse  in  ash  referred  to  coal  as  fired,  per  cent  -  (1600  -s-  10,000)  100  =  16.0. 
Combustible  burned  on  the  grate,  per  cent  of  coal  as  fired  =  100  —  (8  +  16)  =  76.0. 
Equivalent  evaporation  per  pound  of  combustible  burned,  pounds  =  9.288  -s-  0.76 

=  12.221. 
Heat    absorbed    per   pound    of   combustible   burnei,    B.t.u.  =  12.221  X  970.4  = 

11,860.     Combustible  as  fired,  per  cent  =  100  -  (8  +  12)  =  80.0. 
Calorific  value  of  the  combustible  as  fired,  B.t.u.  =  11,250  -s-  0.80  =  14,062. 
Efficiency  of  the  boiler,  per  cent  =  (11,860  -s-  14,062)  100  -  84.34. 

The  efficiency  of  the  grate  alone  might  be  expressed  as 

^~  .  -       ,        Efficiency  of  boiler  and  grate 

Efficiency  of  grate  = ^„.  . r  ,    .. — - > 

J       °  Efficiency  of  boiler 

which  is  equivalent  to 

^~  .  r       ,        Combustible  actually  burned 

Efficiency  of  grate  = ~ — r — xM  y    /    , • 

Combustible  fired 

For  the  problem  cited  above, 

Efficiency  of  grate  =  lOOf     "J  =  95  per  cent, 
or, 

Efficiency  of  grate  =  100^  =  95  per  cent. 

This  offers  a  good  check  on  the  calculations. 

For  oil  fuel  furnaces  and  coal  furnaces  equipped  with  stokers  an«3 
forced  draft  appliances  the  net  efficiency  of  the  boiler  and  furnace  maj1 
bo  taken  as  the  boiler  and  furnace  efficiency  minus  the  equivalent 
heat  required  to  feed  the  fuel  and  to  create  the  draft. 

Since  the  commercial  form  of  boiler  cannot  possibly  absorb  all  of  th^ 
heat  generated  by  the  combustion  of  the  fuel  some  authorities  are  of 
the  opinion  that  the  "true"  efficiency  of  the  boiler  should  be  defined 
as  the  ratio  of  the  heat  absorbed  to  that  actually  available.  Thus  th^ 
U.  S.  Geological  Survey  defines  the  heat  absorbed  as  the  difference 
between  the  heat  generated  in  the  furnace  and  that  discharged  into 

*  See  footnote,  par.  74. 
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the  flue,  and  the  available  heat  is  defined  as  the  difference  between  the 
heat  generated  in  the  furnace  and  that  discharged  by  the  products  of 
combustion  at  the  temperature  of  the  saturated  steam. 

If  w  =  weight  of  the  products  of  combustion,  pounds  per  hour, 

t/  =  temperature  of  the  furnace,  degrees  F., 

U  =  temperature  of  the  flue  gases,  degrees  F., 

U  =  temperature  of  the  saturated  steam,  degrees  F., 

t  =  temperature  of  the  boiler  room,  degrees  F., 
C/»  ce,  c,  =  mean  specific  heat  of  the  products  of  combustion  for  tempera- 
ture ranges  t  to  //,  tc,  t,  respectively. 
Then 

wcjtf  =  heat  generated  in  the  furnace  above  t  degrees  F.,  B.t.u.  per  hour, 
wcjtc  =  heat  carried  away  by  the  flue  gases  above  t  degrees  F., 
wcjt9  =  heat  carried  away  by  the  flue  gases,  if  the  temperature  were 
lowered  to  /,  degrees  F., 

£1=  the  "true"  boiler  efficiency  =  WCft/  ~  WCe\c, 

WC/tf  —  wcj9 

E        Cjif  -  Cetc 
Cftf  -  C9t9 

For  most  practical  purposes  it  is  sufficiently  accurate  to  assume  a 
constant  value  for  the  mean  specific  heats  since  the  actual  variation  in- 
fluences the  result  but  slightly. 

Assuming  cf  =  cc  =  c„ 

E*  =  tfZT  '  (34) 

For  the  problem  cited  above 

*  ~  100(2-i^ii)  - 93-4  per  cent- 

R.  S.  Hale  (Trans.  A.S.M.E.,  20-769)  gives  as  the  efficiency  of  the 

furnace  or  combustion 

S  +  F 
Efficiency  of  furnace  =  — jj — >  (35) 

in  which      S  =  B.t.u.  absorbed  by  the  boiler  per  pound  of  dry  coal, 
F  =  B.t.u.  lost  in  the  flue  gases  per  pound  of  dry  coal, 
H  =  calorific  value  of  one  pound  of  dry  coal. 

The  efficiency  of  the  ideal  or  perfect  steam  boiler  may  be  expressed  as 

E,  =  Zj^>  (36) 

m  which     H  =  calorific  value  of  the  coal  as  fired, 

/  =  inherent  losses  as  analyzed  in  paragraph  30,  B.t.u. 
per  pound  of  coal  as  fired. 
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The  efficiency  ratio  or  the  extent  to  which  the  theoretical  pc 
bilities  are  realized  may  be  expressed  as 

F  -E  , 

in  which 

E  =  efficiency  of  the  boiler  and  grate  (A.S.M.E.  code), 
E<t  =  as  in  equation  (36). 

The  chief  objection  to  the  various  efficiencies  as  defined  in  equati 
(34)  to  (36)  is  the  difficulty  of  determining  with  any  degree  of  accur 
the  weight  of  the  flue  gases  and  the  mean  furnace  temperature, 
this  reason  commercial  tests  of  boilers  include  only  the  efficiencies 
recommended  by  the  A.S.M.E.  code. 

Furnace  Efficiency:  Joseph  Harrington,  Jour.  W.  Soc.  Engrs.,  Sept.  23,  1912. 


TABLE  24. 

RELATION  BETWEEN  FUEL  CONSUMPTION  AND  BOILER  AND  FURNACE 

EFFICIENCY. 

(Pounds  of  Fuel  Burned  per  Boiler- Horse-Power  Hour.) 


Calorific  Value 

of  Fuel,  B.t.u. 

per  Pound. 


7,500 

8,000 

8,500 

9,000 

9,500 

10,000 

10,500 

11,000 

11,500 

12,000 

12,500 

13,000 

13,500 

14,000 

14,500 

15,000 


Boiler  and  Furnace  Efficiency. 


40 


11.17 

10.45 

9.84 

9.30 

8.80 
8.37 
7.98 
7.60 
7.28 
6.97 
6.69 
6.44 
6.20 
5.98 
5.77 
5 .  58 


45 


9.91 
9.30 

8.75 
8.25 
7.83 
7.44 
7.09 
6.79 
6.49 
6  22 
5.97 
5.74 
5.52 
5.33 
O.  lo 
4.96 


i   -  — 


50 


8.94 
8.37 
7.87 
7.45 
7.05 
6.70 
6.39 
6.09 
5.83 
5.58 
5.35 
5.15 
4.96 
4.79 
4.62 
4.47 


55 

60 

65 

70 

75 

80 

8.12 

7.45 

6.87 

6.37 

5.95 

5.58 

7.60 

6.97 

6.43 

5.98 

5.58 

5.22 

7.12 

6.56 

6.05 

5.62 

5.25 

4.97 

6.76 

6.20 

5.72 

5.31 

4.96 

4.65 

6.40 

5.87 

5.41 

5.02 

4.69 

4.40 

6.09 

5.58 

5.15 

4.79 

4.46 

4  18 

5.80 

5.86 

4.90 

4.56 

4.26 

3.99 

5.52 

5.06 

4.67 

4.34 

4.05 

3.80 

5.29 

4.85 

4.47 

4.16 

3.88 

3.64 

5.06 

4.65 

4.28 

3.99 

3.72 

3.48 

4.86 

4.46 

4.11 

3.82 

3.57 

3.34 

4.68 

4.29 

3.96 

3.68 

3.43 

3.22 

4.51 

4.18 

3.81 

3.54 

3.31 

3.10 

4.35 

3.99 

3.68 

3.42 

3.19 

2.99 

4.20 

3  84 

3.54 

3.30 

3.08 

2.88 

4.00 

i 

3.72 

3.43 

3.19 

2.98 

2.79 

R 

4 
4 
4 


2 


2 


2 


S 
2 


2 


80.  Boiler  Performances.  —  Table  26  is  compiled  from  a  numbe 
tests  of  different  types  of  boilers  with  various  types  of  grates 
characters  of  fuel.  Although  some  of  the  tests  show  a  combi 
efficiency  of  boiler  and  grate  as  high  as  83  per  cent,  such  a  perfc 
ance  cannot  be  expected  for  continuous  operation  under  the  avei 
conditions  of  practice.     In  pumping  stations  or  in  plants  where  tl 
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are  no  peak  loads  and  the  boiler  may  be  operated  under  a  practically 
constant  set  of  conditions  a  continuous  efficiency  of  75  per  cent  has 
been  realized  with  coal  as  fuel  and  80  per  cent  with  crude  oil,  though 
these  figures  are  exceptional.  In  very  large  central  stations,  with  the 
usual  peak  loads  in  the  morning  and  evening  and  long  banking  periods, 
an  average  efficiency  throughout  the  year  of  65  per  cent  is  possible, 
though  a  good  figure  is  not  far  from  60  per  cent.  In  large  isolated 
stations  with  variable  loads  good  practice  gives  an  average  of  60  per 
cent.  Small  stations  though  showing  an  efficiency  as  high  as  75  per 
cent  at  times  seldom  average  50  per  cent  for  the  year.  The  usual 
discrepancy  between  efficiency  as  determined  by  special  tests  and 

TABLE  25. 

RELATION  BETWEEN  RATE  OF  EVAPORATION  PER  POUND  OF  FUEL  AND 

BOILER  AND  FURNACE  EFFICIENCY. 

Pounds  of  Water  Evaporated  per  Hour  from  and  at  212  Deg.  F.  per  pound  of  FueL 


Calorifc  Value 

Boiler  and  Furnace  Efficiency. 

of  Fuel, 

B.T.U. 

per  Pound. 

40 

45 

50 

55 

60 

65 

70 

75 

80 

85 

7,500 

3.09 

3.48 

3.86 

4.25 

4.64 

5.02 

5.41 

5.80 

6.18 

6.57 

8,000 

3.30 

3.71 

4.12 

4.55 

4.95 

5.36 

5.77 

6.18 

6.60 

7.01 

8,500 

3.51 

3.94 

4.38 

4.81 

5.26 

5.70 

6.14 

6.57 

7.01 

7.45 

9,000 

3.71 

4.18 

4.64 

5.10 

5.56 

6.04 

6.50 

6.96 

7.42 

7.90 

9,500 

3.92 

4.41 

4.90 

5.39 

5.88 

6.47 

6.86 

7.35 

7.85 

8.33 

10,000 

4.12 

4.64 

5.16 

5.66 

6.19 

6.70 

7.21 

7.74 

8.25 

8.76 

10,500 

4.31 

4.86 

5.40 

5.94 

6.48 

7.01 

7.55 

8.10 

8.64 

9.17 

11,000 

4.52 

5.09 

5.65 

6.22 

6.79 

7.35 

7.91 

8.48 

9.05 

9.61 

11,500 

4.74 

5.31 

5.91 

6.50 

7.10 

7.69 

8.28 

8.86 

9.45 

10.0 

12,000 

4.94 

5.55 

6.16 

6.78 

7.40 

8.01 

8.64 

9.25 

9.86 

10.5 

12,500 

5.14 

5.78 

6.42 

7.06 

7.70 

8.35 

9.00 

9.64 

10.3 

11.0 

13,000 

5.35 

6.01 

6.69 

7.35 

8.01 

8.69 

9.35 

10.0 

10.7 

11.4 

13,500 

5.56 

6.25 

6.95 

7.65 

8.34 

9.03 

9.72 

10.4 

,11.1 

11.8 

14,000 

5.75 

6.48 

7.20 

7.91 

8.64 

9.35 

10.1 

10.8 

11.6 

12.2 

14,500 

5.96 

6.70 

7.45 

8.20 

8.95 

9.70 

10.5 

11.2 

12.0 

12.7 

15,000 

6.18 

6.95 

7.72 

8.50 

9.26 

10.1 

11.8 

11.6 

12.4 

13.1 

every-day  operation  is  due  to  the  fact  that  the  efficiency  test  is  usually 
conducted  under  ideal  conditions:  the  boiler  surfaces  are  cleaned,  the 
rate  of  combustion  carefully  adjusted  for  maximum  economy,  and 
special  attention  given  to  the  firing,  whereas  in  actual  practice  these 
refinements  are  seldom  attempted.  Much  depends  upon  the  efficiency 
d  the  boiler-room  staff,  the  character  of  furnace  and  fuel,  draft,  and 
the  load  factor.  From  the  commercial  standpoint  the  performance  is 
cctreniently  expressed  in  terms  of  the  "cost  to  evaporate  1000  poundr 
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of  water  from  and  at  212,"  or  the  "pounds  of  water  evaporated  per 
of  coal."  Table'28  gives  the  results  of  a  number  of  tests,  made 
the  Armour  Glue  Works,  Chicago,  111.,  showing  the  cost  of  evaporat 
water  with  different  grades  of  Illinois  coal.  The  results  were  obtaii 
from  hand-fired  Stirling  boilers. 

81.  Effect  of  Capacity  on  Efficiency.  —  In  general,  as  the  horse  po' 
of  a  boiler  increases  above  normal  capacity  the  over-all  efficie: 
will  decrease,  due  to  the  fact  that  the  furnace  and  gas  passages 
ordinarily  proportioned  to  effect  an  evaporation  of  about  3.5  pound: 
water  from  and  at  212  degrees  F.  per  square  foot  of  heating  surface 
hour  at  rated  load,  the  temperature  of  the  escaping  gases  being  fi 


- 


600  B  A  W  BOILER  EQUIPPED 

WITH  L  TYPI  OftEEN  CHAIN 

GRATE  AT  THE  INTER  BOROUGH 

RAPID  TRANSIT  CO.,tLY, 

MARCH  1 91 2 


/ 


Copai:ilj-,lloikT  ILurei 
Via.  56.     Influence  of  Draft  on  Capacity. 


150  to  200  degrees  above  that  of  the  steam.  To  increase  the  rat 
evaporation  more  coal  must  be  burned  per  unit  of  time  and  co 
i|LU'ntly  a  larger  volume  of  gas  is  generated.  The  larger  the  volum 
gn.i  the  higher  will  be  its  velocity,  which  finally  reaches  a  point  w! 
heating  .surface  is  insufficient  in  extent  to  absorb  the  extra  heat  ani 
;i  consequence  the  Hue  gas  escapes  at  a  higher  temperature,  resultin 
lower  Itoiler  ami  furnace  efficiency.  See  Fig.  57.  With  properly  j 
portioned  grate,  furnace  and  gas  passages  a  boiler  may  be  operate! 
100  ]ter  cent  above  standard  rating  with  little  or  no  decrease  in  o' 
all  efficiency.  Figs.  *>(>  tit  02  illustrate  various  phases  of  boiler  ] 
formalizes  under  different  conditions  of  operation.  These  curves 
of  value  simply  as  illustrations  of  the  Itehavior  in  specific  cases, 
are  not  applicable  to  all  types  of  t toilers.     See  also  Tables  30  and  3! 
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TABLE  27. 

PRINCIPAL  DATA  AND  RESULTS  OF  TESTS  ON  BOILER  NO.  6,  UNIT  NO.  10, 
FISK  ST.  STATION.     COMMONWEALTH  EDISON  CO.,  CHICAGO. 

(B.  &  W.  Boiler,  "  Standard  "  Setting.) 

Water-heating  Surface,  5000  Sq.  Ft.    Superheating  Surface,  914  Sq.  Ft. 

Chain  Grate  Surface,  90  Sq.  Ft. 


Test  !  Date. 
No.  ,  1908. 


2 
4 
6 
8 
10 
14 
16 
18 
20 
22 
24 
26 
28 
30 
32 
34 
36 
38 
40 
42 
44 
48 
50 
52 
54 
56 
58 
60 
64 


i 


Mar.    9 
11     10 


11 
16 
17 
19 
23 
24 
26 
27 
30 
31 
Apr.  1 
2 


ii 
it 
ii 
ii 
ii 
ii 
ii 
ii 
ii 


ii 


ii 


7 

8 

10 

11 

13 

14 

27 

29 

30 

May   6 

7 

8 

11 

13 

14 


ii 
ii 
ii 
ii 
ii 
ii 
ii 


ii 


ii 


ii 
ii 
ii 
ii 


Hone 

Eff'y. 

Power. 

Percent. 

873 

67.4 

873 

69.0 

852 

67.3 

836 

65.3 

870 

68.8 

920 

66.2 

900 

69.5 

916 

69.1 

912 

69.2 

906 

67.7 

925 

69.8 

894 

69.4 

922 

71.2 

923 

71.5 

914 

70.0 

939 

■  73.8 

911 

70.9 

967 

70.1 

995 

67.8 

887 

66.8 

880 

69.5 

927 

71.5 

899 

70.3 

886 

69.4 

900 

691 

967 

71.9 

902 

705 

875 

70.7 

1102 

72.0 

H.P.  per 
Sq.  Ft. 
Grate. 


9.70 
9.52 
9.47 
9.29 
9.67 
10.22 
10.00 
10.18 
10.13 
10.07 
10.28 
9.93 
10.24 
10.26 
10.20 
10.4 
10.1 
10.7 
11.1 
9.9 
9.8 
10.3 
10.0 
9.8 
10.0 
10.7 
10.0 
9.7 
12.2 


Heat 

Lost  in 

Refuse, 

Percent. 


2.8 
2.8 
2.8 


6. 
5 
9 
4 


4 
0 
2 
0 


5.5 
4.4 
4.1 
2.8 
5.2 
3.6 
4.6 
4.5 
3.8 
3.0 
3.0 
3.4 
4.5 
5.5 
3.3 
4.2 


5 
4 
4 
3 
3 
4 


3 

8 
8 
3 
8 
8 


Total 

Heating 

Surface 

per  H.P. 


6.76 
6.89 
6.93 
7.06 
6.78 
6.42 
6.56 
6.44 
6.48 
6.52 
6.38 
6.60 
6.40 
6.40 
6.46 
6.28 
6.48 
6.11 
5.93 
6.65 
6.72 
6.37 
6.57 
6.67 
6.56 
6.10 
6.55 
6.74 
5.35 


Super- 
heat of 
Steam, 
Deg.  F. 


197 
195 
189 
174 
180 
187 
181 
190 
179 
194 
179 
170 
169 
173 
175 
181 
185 
192 
211 
202 
169 
171 
171 
171 
171 
164 
163 
147 
180 


Dry  Coal 
per  S(i.  Ft. 

c;.  S. 

Imt  Hour. 


41 
39 


2 
1 


38.9 


5 
3 
7 


39 

39 

43 

40.5 

41.6 

41.2 

42.5 

41.6 

40.6 

40  4 

40,5 

40.9 

40.4 

40.2 

42  6 

43.6 

40.8 

39.7 

40.8 

39.6 

38.2 

39.2 

40.1 

39.6 

38.3 

432 
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TABLE   27. 

PRINCIPAL  DATA  AND  RESULTS  OF  TESTS  ON  BOILER  NO.  6,  UNIT 
FISK  ST.   STATION.     COMMONWEALTH  EDISON  CO.,  CHICAGO. 

(B.  &  W.  Boiler,  "Standard"  Setting.) 

Water-heating  Surface,  5000  Sq.  Ft.     Superheating  Surface,  914  Sq. 

Chain  Grate  Surface,  90  Sq.  Ft. 


Draft 

I 

B.T.U. 
per  Pound 
Dry  Coal. 

Ash  in 
Dry  Coal, 
Per  Cent. 

Ash  in 

Refuse, 

Per  Cent. 

Uptake 
Temp. 
Deg.  F. 

COa, 
Per  Cent. 

1 

Over 

In 

0 

Fire. 

Uptake. 

J 

.87 

1.34 

11,634 

18.46 

82.33 

466 

6.9 

.78 

1.25 

11,759 

16  81 

81.36 

461 

6.7 

.83 

1.25 

12,039 

16.08 

80.03 

463 

7.7 

.94 

1.34 

11,993 

15.91 

67.42 

477 

7.6 

.84 

1.24 

11,909 

15.71 

71.32 

475 

7.9 

.99 

1.41 

11,768 

16.04 

63.78 

479 

8.5 

.77 

1.17 

11,846 

16.68 

79.04 

483 

9.1 

.81 

1.25 

11,800 

16.39 

71.98 

484 

8.3 

.77 

1.21 

11,846 

15.51 

78.53 

486 

9.0 

.78 

1.22 

11,659 

17.59 

80.58 

494 

9.2 

.68 

1.28 

11,800 

16.22 

82.97 

487 

8.8 

.70 

1.24 

11,752 

16.18 

76.84 

484 

8.8 

.62 

1.21 

11,862 

15.38 

82.99 

480 

9.2 

.58 

1.40 

11,800 

16.02 

78.37 

480 

9.1 

.73 

1.24 

11,815 

16.84 

77.84 

494 

9.0 

.72 

1.25 

11,659 

18.06 

82.27 

504 

8.9 

.65 

1.13 

11,831 

17.15 

86.92 

493 

9.7 

.70 

1.24 

12,002 

16.05 

84.39 

502 

9.0 

.71 

1.23 

12,469 

14.87 

82.14 

522 

9.7 

.63 

1.09 

12,049 

15.17 

78.12 

500 

9.5 

.71 

1.26 

11,801 

15.75 

77.21 

470 

8.3 

.68 

1.23 

11,769 

18.59 

84.04 

472 

8.7 

.66 

1.27 

11,955 

16.11 

79.30 

473 

7.9 

.62 

1.20 

12,360 

13.63 

74.59 

476 

8.8 

.66 

1.31 

12,298 

13.62 

75.19 

480 

9.0 

.66 

1.29 

12,423 

13.37 

75.61 

474 

9.4 

.92 

1.18 

11,956 

17.45 

83.24 

451 

9.2 

.76 

0.98 

11,971 

17.45 

80.99 

443 

10.0 

.68 

i 

1.15 

13,126 

10.24 

70.90 

487 

10.4 
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TABLE  28. 

1ESULTS  OF  COAL  TESTS  AT  ARMOUR  GLUE  WORKS,  CHICAGO,  AUG.   17,   1905. 


Date  of  Test. 


Much  5,  1905 

March  3,  1905 

June  14,  1905 

June  15, 1905 
June  16, 1905 
June  17, 1905 

June  19, 1905 

June  20, 1905 

,    July  1,1905.. 

July  6, 1905. . 

July  28, 1905. , 

July  29, 1905. , 

Aug.  5, 1905  . 

Aug.  7, 1905  . 

Aug.  8, 1905  . 

Aug.  9, 1905  . 
Aug.  11, 1905 


Name  and  Kind  of  Coal. 


Williamson    County 
Coal  Co.'s,  mine  run 

Harden  &  Hafer,  mine 
run 

Crerar-Clinch  &  Co., 
2*  screenings. 

i  «  •  •  VA^#«  ■•    •••••••••••• 

»     •     •     aVAU*    ••     ••■•     ••••■•     •• 

Brackett    Coal    and 

Coke  Co.,  lump. 
do 


do. 


Kellyville    Coal   Co., 

mine  run. 
Brackett  C.  &  C.  Co., 

Keeler  mine  run. 
Kellyville    Coal    Co., 

washed  pea. 
..  ..do 


Dering  Coal  Co.,  mine 
run. 

Dering  Coal  Co.,  Sulli- 
van Co.,  screenings. 

Consolidated  Indiana 
Coal  Co.,  Sullivan 
Co.,  screenings. 

Screenings 

Ziegler,  screenings . . . 


Railroad  Car 
Number. 


C.  C.  C.  &  St.  L. 

No.  26368 
S.  I.  No.  5735 

I.C.  No.  88362 

I.  C.  No.  88362 
I.  C.  No.  88362 
C.  &  E.  I.,  No. 

8891. 
C.  &  E.  I.  No. 

5002 
C.  &  E.  I.  No. 

5002 
C.  &  E.  I.  No. 

10030. 
C.  &  E.  I.  No. 

12367 
C.  &  E.  I.  No. 

6211. 
C.  &  E.  I.  No. 

6211 
C.  &  E.  I.  No. 

25125 
E.  &  T.  H.  No. 

5132. 
E.  &  T.  H.  No. 

3239 

E.  &  T.  H.  No. 

6534 
I.  C.  No.  81184 


Cost 
per 
Ton 
Deliv- 
ered. 


$1.90 

1  70 

1.50 

1.50 
1.50 
1.65 

1.65 

1.65 

1.595 

1.65 

1.50 

1.50 

1.575 

1.40 

1.35 

1.30 
1.50 


Cost  to 
Evaporate 

1000 
Pounds  of 

Water. 


$0.1531 

0.1231 

0.1293 

0.1218 
0.1175 
0.122 

0.1212 

0.1352 

0.1355 

0.1236 

0.1285 

0.119 

0.125 

0.11 

0.105 

0.0973 
0.1047 


Pounds 
Water 
Evapo- 
rated per 
$1.00  of 
Coal. 


TABLE  29. 

RELATION  BETWEEN  CAPACITY  AND  EFFICIENCY. 
(Evaporation  from  and  at  212°  F.  per  Square  Foot  of  Heating  Surface  per  Hour.) 


6,532 

8,123 

7,734 

8,210 
8,511 
8,197 

8,251 

7,396 

7,380 

8,091 

7,782 

8,403 

8,000 

9,091 

9,524 

10,277 
9,551 


2 

2.5 

3 

3.5 

4 

5 

6 

8 

10 

12 

100 

Probable  Relative  Economy,  On  Unary  Installation. 

100 

100 

95 

90 

85 

SO 

70 

60 

50 

Probable  Relative  Economy.  Latest  Improved  Installation. 

95 

98 

100 

100 

100 

99 

98 

95 

90 

85 
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Plant. 

Typo  of  Boiler. 

Ruled 

Horn 

Haet  Sur- 
face per 
Hom 
Power 
Developed. 

Flue 
Tampan- 

11 
Pe 

Cambridge  Steel  Co 

Com  moo  wealth  Edison  Co.. 

B.  4  W. 
B.  &  W. 
Stirling 

Manning 

B.  &  W. 
Geary,W.  T 

Edgemoor 
Ret.  Tub. 
B.  &W. 

B.4W. 
Stirling 

400 
650 
2365 
130 

440 
182.8 

600 
100 
650 

687.5 
542 

5.14 
4.97 

4.75 
6.0 

5.5 
6.4 

5.28 
4.4 
5.48 
5.25 
4.43 

485 
588 
651 
599 

544.2 
430 

543 
630 

550 
599 

622 

1 

2 

Narragansett  Electric 

N.  Y.  Central  R.R.,  West 

N.  Y.CentralAH.R.R.R.. 
N.  Y.  Edison  Waterside..    . 

1 

Union  Gas  A  Electric  Co... . 

TABLE  31. 

PRINCIPAL  DATA  AND  RESULTS  OF  TESTS  ON  23B5-RATED-HOR8E-POWER  ST1 
BOILERS  AT  THE  DELRAY  STATION  OF  THE  DETROIT  EDISON  COMPA 
Taste  with  Honey  Stoker.    Readme  of  Principal  Raanlti. 


T 

Fli 

L 

1 

No.  or 

Teat. 

Length 
Hr. 

FerCeat 

B.t.a,  in 
Coal. 

Dry  Coal, 

Efficiency. 

Steajo  used 

Per  Cent 
bleinAah. 

Jew. 

25 

1OS.0 

It  ,162 

S  SIS 

If. 6 

lz:  a 

1  ■:.";'; 

nn 

»  4 

5-61 

Rraumc  ol  Principal  Result 


asr 

B.t.u.  In 
Coal. 

Per  ConI 

I  >r.v  C.i',1 

W 

Per  Cent 
Smmd  used 

Per  Cent 
CombiMti- 

T< 
Hi 
L 
It. 
Do 

7  C13 

2  11 

1         79  2J 

l.i.  S               H.fflk, 

BSN 

,5M 

S  Oi               31 . 1 
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Id  nearly  all  stations  the  boilers  must  have  sufficient  overload  capac- 
ity to  take  care  of  peak  loads  or  to  allow  some  of  the  boilers  to  be  shut 
down  for  cleaning  or  repairs,  since  the  installation  of  sufficient  rated 
boiler  capacity  would  be  expensive  and  in  many  instances  prohibitive  in 
cost.  In  small  stations,  however,  too  large  a  boiler  capacity  frequently 
is  to  be  preferred  to  an  overloaded  installation,  since  the  extra  first  cost 
of  the  former  may  be  less  than  the  loss  due  to  poor  efficiency  and  depre- 
dation in  the  latter. 

As  far  as  forcing  is  concerned  the  fire-tube  boiler  is  as  effective  as 
the  water-tube,  more  depending  upon  the  furnace,  grate  surface,  draft 
and  character  of  fuel  than  upon  the  type  of  boiler.  All  boilers  are 
object  to  more  or  less  priming  at  heavy  overloads,  and  the  overload 
opacity  is  often  limited  on  this  account. 

Tk  Forcing  Capacity  of  Fin-Tube  BoUen:  F.  W.  Dean,  Trans.  A.S.M.E.,  26-92. 
a  Capacity  of  Steam  Boiler*:   Kreioinger  and  Ray,  Power,  May  24,  1910. 
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tt.  Thickness  of  Fire.  —  For  a  given  furnace  and  boiler,  quality  and 
aie  of  fuel  and  intensity  of  draft,  a  certain  deptli  of  fuel  will  give  maxi- 
mum efficiency.  Too  thin  a  fire  results  in  an  excess  of  air  and  too  thick 
l  fire  in  a  deficiency,  the  economy  being  lowered  in  cither  case.  On 
account  of  the  number  of  conditions  upon  which  the  proper  thickness 
depends,  it  can  only  be  determined  for  a  particular  case  by  actual  test, 
the  available  data  being  insufficient  for  drawing  conclusions.  The 
carves  in  Fig.  63  arc  plotted  from  a  series  of  tests  made  on  a  350-horse- 
poww  Stirling  boiler  equipped  with  chain  grate  at  the  power  plant  of 
the  Armour  Institute  of  Technology.  The  damper  was  left  wide  open 
throughout  the  test  and  the  speed  of  the  grate  kept  constant.  Ratio 
of  grate  to  heating  surface,  1  to  42.     Cartcrville  washed  coal  No. 
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tued  in  all  tests.  The  curves  in  Fig.  64  refer  to  the  performance  of  a 
IM-horse-power  water-tube  boiler  equipped  with  chain  grate  at  the 
University   of  Illinois  Engineering  Experiment   Station   at    Urbane, 
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Tie  curves  in  Fig.  65  are  plotted  from  a  series  of  tests  on  a  500-horse- 
pwer  B&bcock  and  Wilcox  boiler  equipped  with  chain  grate  at  the  Fisk 
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Boiler  H019U  power 
Flo.  81.     Relation  between  Efficiency  and  Capacity  —  Oil  Fuel, 

Street  station  of  the  Commonwealth  Edison  Company,  Chicago,  III. 
fo  these  tests  the  conditions  of  operation  are  not  exactly  comparable, 
but  they  serve  to  show  the  variation  of  economy  with  thickness  of  fire 
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in  each  case.  In  general,  with  natural  draft,  fine  sizes  of  coal  necessi- 
tate thin  fires,  since  they  pack  so  closely  as  to  greatly  restrict  the  draft. 
Thin  fires  require  closer  attention  to  prevent  holes  being  burned  in 
spots,  and  respond  less  readily  to  sudden  demands  for  steam,  but  bare 
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Wiitcr  Evaporated  por  sq.  ft.  of  Heating 
Burface  from  and  at  BU"  Fahrenheit 
Fio.  62.     Relation  between  Efficiency  and  Evaporation  —  Oil  Fuel. 

the  advantage  of  letting  the  air  required  pass  through  the  grate,  wherea: 
thick  fires  often  require  air  to  be  supplied  above  the  grate  to  insur 
complete  combustion.  Thick  fires  require  less  attention  and  hence  ar 
preferred  by  firemen.    Where  sufficient  draft  is  available  thick  fjrt 
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on  the  Capacity  and  Efficiency  of  > 

r.  Equipped  with  Chain  Grate. 


are  more  efficient  than  thin  ones,  as  the  air  excess  is  more  readily  a 
trolled. 

■S3.  Influence  of  Initial  Temperature  on  Efficiency.  —  In  | 
higher  the  initial  temperature  of  the  furnace  the  greater -l 
efficiency  of  the  healing  surface,  since  the  heat  transmitt 
directly  with  the  difference  of  temperature  between  * 
products  of  combustion.     If  the  heating  surface 
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b  that  the  final  temperature  of  the  escaping  gas  remains  constant,  the 
efficiency  of  the  boiler  and  furnace  will  increase  as  the  initial  temper- 
Mure  increases,  though  not  in  direct  proportion.  This  is  on  the  assump- 
tion that  the  amount  of  heat  generated  per  hour  is  the  same  through- 
out all  ranges  in  temperatures.  With  a  condition  where  the  amount  of 
heat  generated  remains  constant  and  the  initial  temperature  varies, 
the  finaT  temperature  of  the  escaping  gases  remains  practically  constant, 
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a  the  Capacity  and  Efficiency  of  a    150-Horse- 
power  Water-lube  Boiler. 

>nd  in  such  cases  high  initial  temperatures  arc  productive  of  high 

faler  and  furnace  efficiencies.     In  practice  these  conditions  are  seldom 

Wliied  and  high  furnace  temperatures  arc  not  necessarily  productive 

boiler  and  furnace  efficiencies.     Some  tests  show  a  decided  gain 

icy  with  the  higher  furnace  temperatures  {"Some  Pcrfonn- 

of  Boilers  and  Chain-grate  Stokers,  with  Suggestions  for  Improve- 

Tour.  West.  Soc.   Engrs.,  February,  1904),  and 

norovement  ("A  Review  of  the  United  State 

under  Steam  Boilers,"  L.  P.  Brocket 
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ridge,  Jour.  West.  Soc.  Engrs.,  June,  1907).  The  majority  of  hi 
efficiency  records,  however,  are  associated  with  high  furnace  temp 
atures. 


Thick  new  (if  Pire  In  Incbsa 
Fio.  65.    Effect  of  Thickness  of  Fire  on  the  Capacity  and  Efficiency  of  a 
power  Babcock  and  Wilcox  Boiler. 


TABLE  32. 

TEMPERATURE  DROP  OF  GASES  THROUGHOUT  BOILER. 
(65!)  H.P.,  B.  A  W.  Boiler,  Waterside  Stnlioa  of  N.  Y.  Ediaao  Co.) 
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Middle 
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SI.  Cost  of  Boilers  and  Settings.  —  Figures  giving  the  cost  of  boilers,, 

irrespective  of  type,  at  so  much  per  horse  power  are  misleading,  since 

iocs  not  increase  in  the  same  ratio  as  the  power.     The  wide 

i :  i  cost  on  the  horse-power  basis  is  partly  due  to  the  difference 

in  rating.     For  instance,  Scotch-marine  boilers  are  ordinarily  rated  ;it 

■  ii't  of  heating  surface  per  horse  power  and  return  tubular 

12   square   feet.     The   price   approximates  one   dollar   per 

square  fooi   of  heating  surface  for  all  boilers  over   100  horse  power. 

Tin  nist  of  water-tube  and  fire-tube  boilers  may  be  roughly  estimated 

l,v  die  following  formulas   (C.  H.  Benjamin,  Engr.   U.  S.,  Nov.  15, 

V.'C. 

i.V.i  C(*t  iii  dollars  =  500  +  9.2  X  rated  horse  power. 
ill:  Co)  in  dollars  =  500  +  8.5  X  rated  horse  power. 

(C)  Cost  in  dollars  =  100  +  6.5  X  rated  horse  power. 

(D)  Coat  in  dollars  =  100  +  5.0  X  rated  borec  power. 

I.A.i   Horizontal  water-tul>e  boilers,    12;">  pounds  pri-.-sun-,    HI  square  fi-i-1    beating 
furfare  per  horeje  power. 
(Bl  Vertical  water-tube  boilers,  other  conditions  as  in  (A). 

;  "Tital  return  tubular  boilers,  12  square  feet  beating  surface  per  horse 

:,-.  11  vertical  fire-tube  boilers. 

Tin:  net  of  Scotch-marine  boilers  rated  on  a  basis  of  8  square  feet 
pa  tone  power  may  be  estimated  by  means  of  formula  (A). 
The  cost  of  plain  settings  may  be  roughly  approximated  as  follows: 
Horizontal  water  tube. 

Cost  =  400  +  0.8  X  rated  horse  power, 
actum  tubular: 

Cost  =  300  -f  0.7  X  rated  horse  power. 

<>■  selection    of    Type. —  Boilers    constructed    by    builders  of    good 

re  usually  designed  for  safety,  durability,  and  capacity,  and 

rigid  s[K'cifi cat ions  and  inspection  of  material   and  workmanship  arc 

ordinarily   not   necessary,    as   the   makers'   reputations  are  sufficient 

e  of  their  worth.     Marked  departure  from  standard  designs 

nuM  necessarily  be  specified,  but  in  most  cases  instructions  are  limited 

to  the  extent  of  heating  and  grate  surface,  the  character  of  the  furnace, 

lad  irrangement  of  setting.     Numerous  tests  on  various  types  of  boilers 

■01  practically  the  same  efficiency  provided  the  furnaces  and  boilers 

:"fi'  properly  designed,  so  that  the  relative  merits  may  be  considered 

rence  to  (1)  durability;   (21  accessibility  for  repairs;   (3)  facil- 

:    ining  and  inspection;    (4)  space  requirements;    (5)  adapt 

■    type  of  furnace  and  stoker  desired;    ((V)   capacitjTJ 

boiler  and  setting.     For  high  pressure,  150  pounds  pers 
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inch  or  more,  the  water-tube  or  some  form  of  internally  fired  boiler  in 
which  the  shell  plates  are  not  exposed  to  the  high  temperature  of  the 
furnace  is  considered  safer  than  the  horizontal  tubular  boiler  because 
the  shell  plates  and  the  seams  of  the  latter  must  be  of  considerable  thick- 
ness in  large  units,  and  being  exposed  to  the  hottest  part  of  the  fire  are 
likely  to  give  trouble,  especially  if  the  water  contains  scale  or  sediment- 
forming  elements.     Return  tubular  and  stationary  locomotive  boilers 
are  seldom  made  in  sizes  over  200  horse  power  and  hence  are  not  to  be 
considered  for  large  units.     For  sizes  over  150  horse  power  where  over- 
head room  is  limited  the  return  tubular  boiler  is  most  commonly  in- 
stalled, unless  high  pressure  is  essential,  in  which  case  the  internally 
fired  Scotch-marine  boiler  is  peculiarly  adaptable.     The  water-tube 
boiler  is  usually  employed  in  large  central  stations  for  high-pressure  units 
of  300  to  2500  horse  power.     The  particular  type  of  water-tube  boiler 
is  to  some  extent  a  matter  of  personal  taste  on  the  part  of  the  engineer. 
For  small  powers  and  for  intermittent  operation,  small  vertical  or 
horizontal  fire-box  boilers  have  the  advantage  of  low  first  cost.    The 
small  air  leakage  and  radiation  losses  give  internally  fired  boilers  an 
advantage  over  externally  fired  fire-tube  or  water-tube  types,  but  this 
is  partly  offset  by  the  greater  extent  of  regenerative  surface  in  the  setting 
of  the  latter.*    Internally  fired  boilers  are  more  expensive  than  the 
externally  fired,  though  the  extra  cost  of  setting  and  foundation  in  the 
latter  may  bring  the  total  cost  of  the  entire  equipment  to  practically 
the  same  figure.     The  design  and  installation  of  the  boilers  and  furnace* 
should  be  left  at  the  outset  to  a  capable  engineer. 

Makers  usually  request  the  following  information  from  intending  pi** 

chasers: 

1.  Steam  pressure  desired. 

2.  The  quantity  of  steam  demanded. 

3.  The  kind  of  fuel  to  be  burned. 

4.  The  type  of  furnace  or  stoker. 

5.  The  nature  and  intensity  of  draft. 

6.  Nature  of  setting. 

7.  Probable  temperature  of  the  feed  water. 

The  complete  specifications  for  a  return  tubular  boiler  are  given  i 
Chapter  XIX. 

86.  Grates.  —  Orates  may  be  divided  into  three  general  classy- 
namely,  stationary,  rocking,  and  traveling  grates.  The  latter  aJ"< 
treated  in  Chapter  IV.  Stationary  grates  are  generally  made  of  cast- 
iron  sections  in  a  variety  of  shapes  as  illustrated  in  Fig.  66.     The  bars 

*  At  the  power  plnnt  of  the  Cosmopolitan  Electric  Co.,  Chicago,  the  brick  settings 
of  the  boilers  (500  h.p,  B.  &  W.)  are  completely  incased  with  riveted  boiler  plateSfe 
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re  ordinarily  from  3  inches  to  4  inches  deep  at  the  center  (this  makes 
hem  strong  enough  to  cany  the  load  caused  by  the  weight  of  the  fuel 
without  sagging  even  when  the  top  is  red  hot),  f  inch  wide  at  the  top, 
and  taper  to  |  inch  at  the  bottom  to  enable  the  ashes  to  drop  clear. 

TABLE  33. 
Am   SPACES  AND  THICKNESS   OF  GRATE   BARS. 


Sixe  and  Kind  of  Coal. 


fXrccDings 

Anthracite  — 

Average 

Buckwheat 

Pea  or  nut 

8tove 

Egg 

Broken 

Lump 

Bituminous,  average 
Wood- 

Slabe 

Sawdust 

Shavings 


Thickness  of 
Grate  Bars. 

(Inch) 
I 


The  width  of  the  air  space  is  determined  by  the  size  of  the  fuel  to  be 
used,  the  average  proportions  being  given  in  Table  33. 

The  "Tupper"  and  "Herringbone"  grate  bars  are  stiffer  and  loss 
Bkdy  to  warp  than  the  common  form,  but  are  not  so  readily  sliced  and 


COMMON  BAR 


TUPPER 


HERRINGBONE 


•0 


SAW- DUST 
Fig.  66.     Types  of  Grate  Bars. 


therefore  not  so  convenient  with  coal  that  clinkers  badly.     Sawdust 
W  pinhole  grates  are  used   in  burning  sawdust,  tanbark,  and  very 
■naD  sizes  of  coal.     Grates  are  often  set  horizontally  and  the  bars  are 
i  in  place  simply  by  their  own  weight,  but  long  grates  are  best  pla 
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Bloping  toward  the  rear  to  facilitate  firing.  The  front  of  the  grate 
designed  for  bituminous  coal  is  often  made  solid,  this  portion 
called  the  "dead  plate."  It  serves  to  hold  the  green  fuel  unt 
hydrocarbons  have  been  distilled  off,  when  the  charge  is  pushed 
on  the  open  grate  at  the  time  of  next  firing.  The  length  of  a  sing; 
or  casting  should  not  exceed  three  feet.  The  length  of  grate  m: 
made  of  two  or  three  bars  and  should  not  exceed  6  feet  with  bitum 
coal,  as  this  is  the  greatest  length  of  fire  that  can  be  readily  worki 
a  stoker.  With  buckwheat  anthracite  furnaces  12  feet  in  depth  ar 
unusual,  as  anthracite  fires  require  no  slicing. 

The  disadvantage  of  using  stationary  grates  is  that  the  fire  i; 
easily  cleaned.  Unless  the  air  spaces  are  kept  free  of  clinkers 
ashes,  combustion  is  hindered  and  the  fire  rendered  sluggish.  Fret 
cleaning,  however,  is  wasteful  of  fuel  and  reduces  the  furnace  effic: 
by  letting  in  a  large  excess  of  air  every  time  the  fire  door  is  opened. 


Fio.  67.    A  Typical  Shaking  Grate. 


.87.  Shaking  Grates.  —  Shaking  grates  have  the  advantage  of 
mitting  stoking  without  opening  the  fire  door  and  require  less  m; 
labor  than  stationary  grates.  There  is  a  great  variety  of  sect 
shaking  grates  on  the  market  and  some  of  them  are  made  self-dum 
One  of  the  best-known  types  is  illustrated  in  Fig.  67.  Each  re 
section  of  grate  bars  is  divided  into  a  front  and  a  rear  series  by 
stub  levers  and  connecting  rods.  An  operating  handle  is  adapti 
manipulate  either  one  or  both  of  the  levers  in  such  a  manner  tha 
front  and  rear  series  may  operate  separately  or  together.  The  shi 
movement  causes  no  increase  in  the  size  of  the  openings  and  henct 
vents  the  waste  of  fine  fuel.  Ordinarily  the  width  of  the  grate  is  : 
equal  to  two  or  more  rows  of  grate  bars  so  that  the  live  fire  m: 
shoved  side-wise  from  one  row  to  the  other  when  cleaning.     A  dep 
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fire  of  from  6  to  10  inches  is  carried  according  to  the  nature  of  the  fuel 
and  the  available  draft. 

Qratt  Ban:  Engr.  U.S.,  Nov.  1,  1906,  p.  728,  Jan.  1,  1907,  p.  68;  Am.  Elucn.,  Jan. 
MM,  p.  260. 

88.  How-Offs.  —  Boilers  must  be  provided  with  blow-off  pipes  for 
draining  off  the  water  and  for  discharging  sediment  and  scale-forming 
material.    The  "bottom  blow"  is  ordinarily  an  extra-heavy  pipe  of 


: 
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» 
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« 
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suitable  diameter  connected  to  the  lowest  part  of  the  boiler  and  fitted 
with  a  valve  or  cock,  or  both.  {See  Fig.  512.)  Fig.  68  shows  an 
arrangement  of  horizontal  blow-off  connected  to  the  head  of  a  return 


Jta.  70.    Blow-off  Connection  w 
Circulating  Pipes. 


tabular  boiler  and  Fig.  69  a  vertical  blow-off  connected  to  the  shell. 
"e  latter  is  the  better  arrangement.     The  blow-off  pipe  wherf 
P**ea  through  the  back  connection  is  covered  with  magnesia,  asbet 
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or  fire  brick.  When  exposed  to  the  action  of  extremely  hot 
gases  as  in  forced-draft  installations,  the  arrangement  illustt 
Fig.  70  is  sometimes  used  to  prevent  the  pipe  from  burning  out. 


Fla.  72.     Surface  Blow-Off. 


the  blow-off  cock  is  shut  and  the  valve  on  the  vertical  branch 
there  is  a  continuous  circulation  of  water.  Where  boilers  are  a 
in  batteries,  the  battery  may  have  a  common  outlet  for  the  1 
pipes,  as  illustrated  in  Fig.  512.  Usually  the  blow-off  pipes  rr 
charge  into  the  open  air,  but  this  is  not  permissible  in  large  cit 
is  it  lawful  to  blow  directly  into  the  sewer.  In  this  case  the  wa 
sediment  may  be  discharged  into  a  blow-off  tank  and  permitted 
before  delivery  to  the  sewer,  as  illustrated  in  Fig.  71. 


Fiu.  73.     Buckeye  Skimmer. 

"Surface  blows"  are  often  installed  to  remove  scum,  grease,  aD 
ing  or  suspended  particles  of  dirt.  The  bell-mouthed  shape  si 
Fig.  72  permits  the  skimmer  to  accommodate  itself  to  varyinj 
level,  and  it  is  sometimes  provided  with  a  float  and  with  a  flexib! 
Fig.  89. 

89.  Damper  Regulators. —  For  maximum  furnace  efficiency  tl 
must   be   regulated  to  bum  just  enough  fuel  to  supply  the 
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required.  Where  forced  draft  is  employed  this  is  done  by  regulating 
the  speed  of  the  blower.  With  natural  draft  it  is  the  usual  practice  to 
regulate  the  draft  by  means  of  dampers  placed  in  the  uptake,  and  in 

order  that  the  regulation  may  be  effective  it  should  be  automatic. 

Automatic  dampers  are  economical  and  useful  and  are  particularly 

desirable  in  plants  where  the  demand  for  steam  fluctuates  rapidly. 

There  are  several  successful  types  on  the  market,  some  operated  by 


t 
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Fig.  74.     Kitts  Hydraulic  Damper  Regulator. 

water  pressure  and  others  by  direct  boiler  pressure.  Fig.  74  illus- 
trates such  a  mechanism.  Full  boiler  pressure  acting  at  all  times  on  a 
diaphragm  A  raises  or  lowers  a  weight  W  attached  to  arm  D  according 
as  the  steam  pressure  increases  or  decreases.  Arm  D  actuates  a  small 
valve  V  which  controls  the  supply  of  water  to  chamber  B.  A  diaphragm 
in  chamber  B  raises  and  lowers  the  damper  as  the  water  pressure  varies, 
a  drop  of  0.5  pound  being  sufficient  to  open  the  damper  to  its  maximum. 
The  steam  diaphragm  has  a  movement  of  only  0.01  inch  and  the  water 
diaphragm  0.5  inch.  When  properly  adjusted  and  given  proper  atten- 
tion automatic  dampers  work  in  a  very  satisfactory  manner. 

Fig.  75  shows  a  section  through  the  Tilden  damper  regulator,  illus- 
trating the  principles  of  the  steam-actuated  type.  The  device  is  con- 
nwted  directly  to  the  boiler  by  pipe  A.  The  pressure  on  piston  B  is 
balanced  by  spring  C  under  normal  conditions  of  operation.  Any 
variation  from  the  normal  will  cause  the  rod  R  to  move  up  or  down,  so 
that  the  dampers  are  opened  or  closed  in  proportion  to  the  change  in 
Pfeasure.  The  chamber  N  is  separate  from  chamber  M,  so  that  steam 
*  water  cannot  come  in  contact  with  the  spring.  Piston  D  acts  as  a 
guide  only.  In  a  recent  design  of  this  device  the  regulator  is  hydrauli- 
*%  actuated  and  simultaneously  operates  the  damper  and  the  stoker 
s^gine  thereby  automatically  proportioning  the  air  and  fuel  supply  to 
to  load  requirements. 

*  Water  Gauge.  —  The  water  level  in  a  boiler  is  usually  indicj 
m  by  a  gauge  glass,  by  try  cocks,  or  both,  connected  directly  to 
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boiler  as  in  Fig.  1,  or  to  a  water  column  or  combination  as  in  Fig. 
Each  gauge-glass  connection  should  be  fitted  with  a  stop  valve  w 
may  be  cloned  in  ease  the  tube  breaks.  In  large  boilers  these  val 
usually  of  the  quick-closing  type,  are  conveniently  operated  from 
boiler-room  level  by  means  of  a  chain  attached  to  the  valve  st 
Self-closing  automatic  valves  are  frequently  employed,  one  type  bt 
illustrated  in  Fig.  77.     If  the  glass  breaks  the  outrush  of  steam  foi 


j 

R 

Fio.  76.     Simple  Water  Column, 


the  ball  against  a  conical  seat  and  shuts  off  the  supply.  When  a 
glass  is  inserted  the  ball  is  forced  back  by  slowly  screwing  in  the  v 
stem.  Hinged  valves  mechanically  operated  from  without  are  ■ 
sidcri'ti  more  reliable  than  ball  valves,  as  scale  is  less  likely  to  re) 
them  inoperative. 

TV:/  ovkx  or  idiiij/f  eneks  are  set  at  points  above  and  below  the  des 
water  level,  preferably  connected  directly  to  the  boiler  shell,  but  st 
times  to  a  water  column  as  in  Fig.  70.  The  water  level  is  ascerta 
by  opening  the  cocks  in  succession. 
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The  objection  to  the  latter  arrangement  is  that  accident  to  or  a 
ii  the  piping  renders  both  gauge  glass  and  try  cocks  useless. 
Water  columns  should  he  Mown  out  once  a  day,  and  the  gauge  cocks 
Opened  to  sec  that  the  height  of  the  water  indicated  tallies  with  that 
■taws  by  the  glass.  Some  engineers  prefer  two  separate  columns  to 
racli  Iwiler  and  no  eocks,  others  rely  solely  upon  cocks. 


Water  Gauge  with  Self -closing 


md  Oigb- 


IC  inter  column  shown  in  Fig.  78  has  an  alarm  whistle,  controlled  by 
ru  floats,  which  gives  a  high- and  low-water  alarm.  Numerous  devices 
rf  this  ditsa  are  on  the  market  but  they  are  usually  regarded  as  unre- 
liable ud  most  engineers  are  content  to  depend  upon  water  gauge  and 
try  cocks. 
»'«/«■  tfaufia  and  Column:  Much.,  Sept.,  1905,  p.  31;  Power,  Aug.,  1905,  p.  483; 
ft  Etas.,  July,  1904,  p.  359;   Etigr.  V.  S-,  Jau.  I,  1907,  p.  58. 

•  Fusible  or  Safety  Plugs. —  Fusible  or  safety  plugs  as  illustrated 
\.  79  are  brass  plugs  provided  with  a  fusible  metal  core.     They 


Fig.  70.     Type?  of  Fusible  Plugs. 

1  inserted  in  the  shell  or  tubes  at  the  lowest  permissible  water  line. 

■i  esrered  by  water  the  heat  is  conducted  away  sufficiently  fast  to 

p  the  temperature  below  the  fusing  point,  but  when  uncovered  the 

induct  ivit-y  of  the  steam  prevents  the  rapid  withdrawal  of  1 
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whereupon  the  alloy  melts  and  the  blast  of  escaping  steam  gives  warn- 
ing.    The  melting  point  of  fusible  metals  being  sometimes  uncertain, 
plugs  occasionally  blow  out  without  apparent  cause  and  at  other  times 
fail  to  act  when  shell  is  overheated.     Fusible  plugs  are  required  by  law 
in  many  cities. 

92.  Mechanical  Tube  Cleaners.  —  Although  purifying  plants,  boiler 
compounds,  and  the  like  are  preventive  of  scale  formation  to  a  great 
extent,  experience  shows  that  the  most  satisfactory  method  is  to  use 
mechanical  tube  cleaners  for  cutting  or  breaking  the  scale.  The  prin- 
ciples of  construction  of  these  devices  vary  widely  according  to  the 
types  of  boilers  in  which  they  are  used,  and  depend  upon  the  nature  of 


C  D  F  U 

Fig.  SO.     Mechanical  Tube  Cleaner  —  Hammer  Type. 

the  duty  which  they  must  perform.     They  may  be  conveniently  divided 
into  two  classes: 

1.  Those  which  loosen  the  scale  by  a  series  of  rapid  hammer  blows, 
Fig.  80. 

2.  Those  which  cut  out  the  scale  by  a  revolving  tool,  Fig.  81. 

The  hammer  device  is  applicable  to  either  the  water-  or  fire-tube  typ< 
of  boiler,  but  the  revolving  cutter  is  applicable  to  the  water-tube  only 
Steam,  compressed  air,  or  water  under  pressure  may  be  used  as  tl*« 
motive  power,  though  the  latter  is  the  most  convenient  and  satisfactory 

Referring  to  Fig.  80,  the  hammer  head  J  is  given  a  rapid  motion 
which  may  reach  1500  vibrations  per  minute,  and  subjects  the  tut* 
to  repeated  shocks,  thereby  cracking  the  brittle  scale  and  jarring  i1 
loose  from  the  water  surface  of  the  tube.  The  cleaner  head  is  attache* 
to  a  flexible  pipe  of  sufficient  length  to  enable  it  to  be  pushed  from  aD< 
etui  to  the  other.  Even  if  carefully  manipulated  the  hammer  is  apt  tc 
injure  the  tube  by  swaging  it  to  a  larger  diameter,  producing  crystalliza- 
tion in  the  metal  and  causing  leaks  where  the  tubes  are  expanded  iat-c 
tin-    heel-;,  hence  its  use  is  not  to  be  recommended. 

llsth  tithe  turbine  cutters  are  made  in  many  designs,  one  of  which 
i  !»4.\\n  in  li^.  SI.  The  cylindrical  casing  D  contains  a  hydraulic 
iu,i v0n  .i--.tiuK  °f  n  ttxlH'  guide  plate  which  directs  the  water  at  the 
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proper  angles  upon  ihe  vanes  of  the  turbine  wheel  T.  The  cutters  C 
revolve  at  high  speed  and  chip  the  scale  into  small  pieces.  The  stream 
of  water  Boning  from  the  turbine  envelops  the  cutters,  keeps  their 
edges  cool,  and  washes  away  the  scale  as  fast  as  it  is  detaehed.  Differ- 
ent styles  of  cutter  wheels  are  furnished  with  each  cleaner  so  as  to 
adapt  the  device  to  all  kinds  of  scale  formations.  In  well-managed 
plants  scale  is  not  permitted  to  deposit  to  a  thickness  greater  than  r^ 
to  (\  of  an  inch. 


Fig.  81.     M 


Tiirl.iiif  T.vi«" 


lbs  wot  and  cinders  which  accumulate  on  the  inside  surface  of  fire- 
tube  boilers  are  removed  by  mechanical  scrapers,  brushes,  or  steam-jet 
Tor  a  description  of  these  devices  see  Power,  Dec.  6,  1910, 
t  L- 

TU'  tubes  of  a  water-tube  boiler  arc  cleaned  externally  by  means  of 
Itttui  jet. 

iraaMi:  Power,  Feb.  20,  1912. 
tomvff  Cminrctions:   Locomotive,  Oct.,  1900;    Elee,  World,  Nov.  2,  1007;    Nat. 
I      tjp,Jiinr,  1904;    tug.  Bee..,  May  9,  1908;  Steam,  Feb.,  1911. 

Mnattg:   Boiler  Maker,  Feb.,  1012;    Much.,  Sept,,  19(13,  p.  18,  Oct.,  1903,  p.  83; 
I      rWw.Jun.  1003,  p.  24,  Oct.,  1905,  p.  611,  Nov.,  p.  687;   Kpg.  News,  Dec.  15,  1904, 
:   S3;  Engl    i      -  .  Jan.  I,  1907,  p.  IS;    Prac.  Eiigr.,  Jan.,  1907, 

\.m.  Elecn.,   Dec.,   1000,  April,   1904.  p.  174;    Power,  May  and 

"■■' ..  1905,  Ann  .  1906,  p.  465;    Locomotive,  Oct.,  1004;    Roller  Maker,  Aug.,  1905; 

907,  p.  100;   Power  A  Enirr.,  Nov.  8,  191!),  p.  197". 

•i     I"   S.,  Jan.  15,  1902,  p.  50;   Eng.  Mm;.,  May,  1904,  p.  233; 

lul)   U,  1900,  May  IS,  1001,  p.  407,  Oct.  12,  1901,  p.  347;    Power,  Oct,, 

M  irch,  1906,  p.  1  17;    Am    Maeli.,  April  21,  1904. 

■  ■■ t:   .ill  Ty/x-i  of  Sttitiannry  Bailers;   Frig.  [".  S.,  Jan.  I,  1007,  p.  10, 

22,   1003      Small   Murine  Boilers:    Am.    Much.,  Sept.  3,   1890,  p.  823. 

.  OH  .   1902,  p.  91. 

.-.■:   F.ng.  Ree.,  July  21),  1901;   Copier's  Mag.,  Jan.,  lOOfl;   Elec, 

\]»nl   1,  1902;    Engi.g.,  April  is,  1002;    Engr.,  LonO.,  Nov.  6,  1903; 

.'Lin.  14,  IS97,  p.  40,  Sept.  20,  1900.  p.  910;   Eng.  News,  Jan.  IS.  L900, 

I  3.M.E.,  7-814.  9-4K9;   Engr.  V.  S  ,  Oct.  15.  1907. 

Eiigr    l"   S.,  Jan.  1,  1907,  ]..  5S;  Elec.  WW.,  May  2,  1U0S^(P 
fl»««:  Engr.  U.  S.,  Jan.  1,  1907,  p.  27, 
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Classification  of  Boilers  and  Comparison  of  Types:  Engr.  U.  S.,  Jail  1,  1907; 
Min.  Rept.,  Feb.  21,  1907. 

Explosions,  Cause  of:  Power,  Mar.  26,  1912;  Boiler  Maker,  Jury,  1910. 

Furnace  and  Settings:  Power  &  Engr.,  Jan.  3,  1911,  p.  2;  Elec.  World,  Sept.  7, 
1907;  Am.  Elecn.,  Jan.,  1902,  p.  10,  Nov.,  1903,  p.  657,  July,  1904,  p.  339;  Engr. 
U.  S.,  July  15, 1905,  p.  471,  Sept.  15, 1905,  p.  622,  Aug.  1, 1906,  p.  491,  May  15, 
1906,  Jan.  1,  1907;  Power,  March  24,  1906,  p.  445,  June,  1905. 

Inspection:  Power,  Jan.,  1906,  p.  32;  Engr.  U.  S.,  Feb.  15, 1907;  Trans.  A.S.M.E., 
4-142;  Boiler  Maker,  Feb.,  1911. 

Riveted  Joints:  Power,  March,  1906,  p.  147,  April,  1906,  p.  227;  Engr.  U.  S., 
Jan.  1,  1907,  p.  21,  Aug.  15,  1907,  p.  784;  Boiler  Maker,  June,  1906,  Dec,  1907; 
Prac.  Engr.,  Dec.  13,  1907. 

Safety  Valves:  See  paragraph  390. 

Specifications:  Power,  Dec.,  1905,  p.  728;  Nat.  Engr.,  May  15,  1903,  p.  367; 
Boiler  Maker,  Sept.,  1906,  p.  243. 

Thickness  of  Boiler  Plate:  Am.  Mach.,  Jan.  16  and  Feb.  27, 1902;  Trans.  AJ3.M  JL, 
22-127,  15-629,  24-921;  Eng.  News,  Jan.  31,  1901,  p.  121. 

Testing:  See  A.S.M.E.  Code  for  conducting  Standard  Boiler  Trials,  reprinted  is 
Appendix  B.    See  also  Power  and  Engr.,  Feb.  23,  1909. 

Testing  to  Destruction:  Eng.  News,  Feb.  1,  1912. 

Bridge  Walls  in  Theory  and  Practice:  Power  and  Engr.,  Mar.  9, 1909,  p.  463. 

Soot  Blowers  and  Soot  Suckers:  Power  and  Engr.,  Dee.  6,  1910,  p.  2143. 

Installing  Tubes  in  Boilers:  Power  and  Engr.,  Nov.  1,  1910. 


CHAPTER  IV. 

SMOKE    PREVENTION,   FURNACES,    STOKERS. 

Current   practice  Bbows  that  bituminous  coals  high  iu  volatile 
D  In.'  efficiently  burned  without  smoke,  provided  the  furnaces 
Hi   properly  designed,  and  the  necessary  attention  is  given  draft  re- 
quirements and  stoking. 

The  problem  of  smoke  abatement  is  a  comparatively  simple  one  for 
large  plants  equipped  with  mechanical  stokers  and  provided  with 
ample  draft,  even  for  widely  fluctuating  loads,  but  for  hand-fired  plant3 
it  depends  largely  upon  skillful  manipulation  by  interested  and  efficient 
firemen.  The  order  of  intelligence  demanded  for  this  work  is  out  of 
all  proportion  to  the  wages  paid.  In  many  small  plants  —  and  these 
are  usually  the  most  obstinate  smoke  offenders  —  the  fireman  handles 
as  much  as  a  ton  of  coal  per  hour  by  hand,  besides  earing  for  the  feed 
pump;,  and  water  levels,  keeping  the  boilers  clean,  and  removing  the 
ash.  The  boiler  room  is  frequently  poorly  lighted  and  poorly  venti- 
l'il"l.  It  is,  therefore,  not  surprising  that  the  fireman  seldom  worries 
about  the  smoke  problem.  A  better  wage  scale  and  more  consider- 
ation for  the  fireman  might  do  a  great  deal  toward  abating  the  smoke 
nuisance. 

"!!!'■  the  loss  in  heat  due  to  visible  smoke  is  usually  less  than  one 
N'T'Tut,  and  seldom  greater  than  two  per  cent  of  the  heat  value  of  the 
coal,  it  is  a  common  statement  among  owners  of  power  plants  that,  it 
B  cheaper  to  smoke  than  to  operate  without  smoke.  This  is  undoubt- 
edly true  in  many  cases  where  smokeless  combustion  can  be  secured 
only  by  admitting  a  considerable  excess  of  air  with  a  consequent  loss 
:\  frequently  greater  than  that  due  to  incomplete  combustion 
.  but  if  proper  attention  is  given  to  the  various  factors  in- 
vu]vi'<|  practice  shows  that  smokeless  combustion  can  be  effected  with 
high  boiler  and  furnace  efficiency. 

■.■■  that  combustion    may  be  ttmokcleas  and  efficient,  the  volatile 

'  separated  free  carbon    must  be  brought   into  intimate  contact 

•roper  quantity  of  air  and  maintained  at  a  temperature  above  the 

'J'iiJi'to  point  until  oxidation  in  complete  before  they  arc  brought  into  con- 

brt  "Hit  the  heat-absorbing  surfaces  of  the  boiler.     Mere  excess  of  air 

.■■'  smokeless  combustion,  even   if  the  gases  and  air  c 
*(%  mired,  //  the  temperature  is  prematurely  reduced  below  that  r 
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-^..•-r-   i.--.,..:r.r    ,t   ur  f-ir  rhe  perfect  combustion  of  the 
,-.-      , .-.  -  *  ;.rr.-i.-i.-  i  :  mcnon  of  the  draft. 
.-..  v-r*'-—  :;..s?  '-  .i  i.r  mi:  ■  Nino  usable. 
-,.->-.:  .ft  ....  ,.-v  -,.  ^kui  MnpiMe  oxaiuion  of  the  volatile 

.-.-.  i  5*.  =2  <m  an  idea  of  the  distribution  of  smoke 
-,  -.,  vw/w  xdurtmii  m  Chicago,  in  1910.  Rigid  enforc- 
v  ws**  «*.-.*«!*  =a,  r^iucea  the  nuisance  to  a  consider- 
,r   «>  tut  •»  'LrtnbutHD  at  thi*  date  differs  somewhat  from 
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ii  in  rliitMci)  Plant:!. 


;  drvirw  nuiy  Ih>  dividitl  into  two  classes:  (1)  too* 
.-1'iiii'iilly  atlni'luHl  to  plants  already  in  operation 
nililit'iition  of  the  furnace,  such  as  steam  jets  and 
ini*  tin-  air  ami  nmilmstiWe  gases,  admission  of  til 

or  si,|i-  wall,  and  mechanical  draft;  and  (2)  thoae 
it  ivirt  i>f  tlio  Ivilcr  and  setting,  such  as  mechanical 

■.<    i-.i'wn-ilrafi    furnace,  and   tire-tile  combustion 

rn.t.v».       H  —.;  -v\si  tV.r:*..-..-.--  ;>  :,  class,  ate  ■** 
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landing  amount  of  air  must  be  supplied  and  intimately  mixed 
i  the  volatile  gases  before  contact  is  made  with  the  comparatively 
I  heating  surface.  In  the  average  hand-fired  furnace  the  combustion 
mbcr  is  so  small  and  the  heating  surface  is  so  close  to  the  grate  that 

partly  burned  gases  strike  the  healing  surface  before  oxidation  ia 

ipl-H'    and    combustion   is   hindered   or   even   completely    arrested. 

majority  of  so-called  smoke  preventers  are  merely  devices  for 

L-Laiiically  mixing  the  air  and  volatile  gases.     These  include  fire- 

k  piers,  baffles,  arches,  and  steam  jets.     There  is  no  question  as  to 

value  of  these  mixing  devices  if  properly  installed,  but  the  personal 
ment  is  too  variable  a  factor  for  consistent  results  and  (he  ultimate 
iition  lies  in  mechanical  stoking.  The  most  economical  and  smoke- 
j  hand-fired  plants  are  those  that  approach  the  continuous  feed  of 
!  mechanical  stoker.  The  following  rules  formulated  by  the  Coal 
sking  and  Anti-Smoke  Committee  of  the  Illinois  Coal  Operator's 
■oo&taon  for  firemen  using  Illinois  and  Indiana  coal  in  hand-fired 
nueea  give  some  idea  of  the  principles  involved  in  effecting  smokeless 
imbustion : 

1,  Break  all  lumps  and  do  not  throw  any  in  furnace  any  larger  than 
ne'afiflt.  The  reason  for  this  is,  that  large  lumps  do  not  ignite  promptly 
ltd  their  presence  also  causes  holes  to  form  in  the  fire,  which  allow  the 
assnge  of  too  much  air. 

'.'.  Keep  the  ash  pits  bright  at  all  times.  If  they  become  dark  it  is 
ndent  that  the  fire  is  getting  dirty  and  needs  cleaning,  which,  if  not 
tae,  will  cause  imperfect  combustion  and  smoke.  If  the  furnace  is 
quipped  with  a  shaking  grate,  it  should  be  operated  often  enough  to 
mot  any  accumulation  of  ashes  in  the  fire.  Do  not  allow  ashes  to 
flllwt  in  the  ash  pits,  lis  they  not  only  shut  off  the  air  supply,  but  may 
lie  to  be  burned. 

■1  In  firing  do  not  land  the  coal  all  in  one  heap,  but  spread  il  over 
ipace  as  possible  as  it  leaves  the  shovel.      A  little  practice 
till  enable  one  to  catch  the  proper  motion  to  give  the  shovel  to  make 
hfcual  spread  properly. 

I.  Place  the  fresh  coal  from  the  bridge  wall  forward  to  the  dead  plate 
md  ilo  not  add  more  than  3  or  4  shovels  at  a  charge.  If  this  amount 
^w  smoke  it  should  lie  reduced  till  smoke  ceases,  which  means,  of 
none,  that  firing  will  be  at  more  frequent  intervals  than  formerly  to 
top  Up  Bteam  This  rule  applies  in  eases  where  the  boiler  is  worked 
it  a  Inrge  capacity.  In  such  instances,  however,  where  ;i  small  capacity 
[uireil,  tiring  by  the  coking  met  hod  is  the  best,  wherein  the 
Wnwal  is  placed  at  the  front  of  the  fire  and  pushed  back  and  levt 
rtsiit  has  lieeome  coked. 
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5.  Fire  one  side  of  the  furnace  at  a  time  bo  that  the  other  side  con- 
taining a  bright  fire  will  ignite  the  volatile  gases  from  the  fresh  charge. 

6.  Do  not  allow  the  fire  to  burn  down  dull  before  charging.  If  this 
is  done,  it  will  not  only  result  in  a  smoky  chimney,  but  an  irregular  steam 
pressure. 

7.  Do  not  allow  holes  to  form  in  the  fire.  Should  one  form,  fill  it  by 
leveling  and  not  by  a  scoop  full  of  coal.  Keep  the  fire  even  and  level 
at  all  times.  As  far  as  possible  level  the  fire  after  the  coal  has  become 
coked. 

8.  Carry  as  thick  a  fire  as  the  draft  wilt  allow,  but  in  deciding  on  the 
proper  thickness,  judgment  must  be  exercised.  If  the  draft  is  poor,  a 
thin  fire  will  be  in  order,  but  if  strong,  a  thicker  fire  should  be  carried. 

9.  Regulate  the  draft  by  the  bottom  or  ash-pit  doors  and  not  by  the 
stack  dampers,  because  when  the  stack  damper  is  used  it  tends  to  pro- 
duce a  smoky  chimney,  as  it  reduces  the  draft,  while  the  closing  of  the 
ash-pit  door  diminishes  the  capacity  to  burn  coal.  If  strict  attention 
is  given  to  firing,  and  accounting  to  demand  for  steam,  there  will  be  no 
occasion  to  have  recourse  to  dampers,  except  when  there  is  a  sudden 
interruption  in  the  amount  of  steam  being  used. 

10.  A  good  general  rule  is  to  fire  little  and  often,  according  to  steam 
demands,  rather  than  heavy  and  seldom.  The  former  means  economy 
in  fuel  and  a  clean  chimney,  while  the  latter  signifies  extravagance  in 
fuel  and  a  smoky  chimney. 


Plain  Dutch  Oven. 


95.  Dutch  Ovens.  —  An  independent  furnace  or  Dutch  oven  in  front 
of  the  boiler  :is  illustrated  in  Fig.  83  provides  one  of  the  simplest 
methuds  of  securing  a  large  combustion  chainlxr  for  the  mingling  of 
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air  and  combustible  gases  before  delivering  them  to  the  boiler 
■   tee  produces  very  high  temperatures  when  operating 
beat  conditions,  and  hence  must  be  lined  with  fire  brick  of  excellent 
quality.     Although  better  than  the  ordinary  setting  the  plain  Dutch 
oven  is  too  limited  in  length  and  capacity  to  prevent  smoke  frum  form- 
in;;,  except  M  very  light  loads,     The  velocity  of  the  gases  is  usually 
too  high  to  permit  either  a  thorough  mixture  or  complete  oxidation 
triking  the  boiler  tubes,     Steam  jets  placed  at  the  sides  of  the 
ml  blowing  across  the  fire  are  sometimes  effective  in  mixing 
the  air  and  combustible  gases,  but  the  best  results  are  obtained  by 
ng  the  construction  of  the  furnace  to  the  extent  of  introducing 
deflecting  arches  which  vary  the  direction  of  How  and  by  increasing  the 
bmgth  of  the  path  of  the  heated  gases.     The  greater  the  length  of  the 
path  and  the  greater  the  number  of  baffles  the  mure  thoroughly  will  the 
gases  be  mingled,  but  the  intensity  of  draft  will  of  course  be  de- 
li proportion.     A  compromise  must  therefore  be  made  between 
required  draft  and  length  of  path.    The  larger  the  extent  of  fire-tile 
surface  the  greater  will  be  the  regenerative  effect,  which  is  of  particular 
ace  in  hand  tiring  when  the  evolution  of  volatile  gas  is  inter- 
tot,  but  the  first  investment  and  cost  of  repairs  and  renewals  are 
There  are  little  reliable  data  available  pertaining  to  the  rela- 
l*tween  capacity  of  furnace  and  length  of  path  of  the  heated  gases 
ntim   efficiency.     A   modified   Dutch   oven   is  illustrated   in 
The  extension  front  is  not  necessary  with  all  types  of  boilers, 
vrill  be  seen  from  Figs.  80  and  87,  in  which  a  tile  roof  and  bailies 
suitably  arranged  within  the  setting  proper  simulate  the  Dutch-oven 
fat, 

H.  Twin-Are  Furnace.  — Tiiis;  arrangement,  illustrated  in  Fig.  84  in 
"'uiriuni  with  a  hand-fired  return  tubular  boiler,  is  a  double  furnace 
formed  by  longitudinal  arches  extending  between  bridge  wall  and  fire 
door. 

He  furnaces  are  fed  and  manipulated  alternately,  the  object  being 
1,1  havi'  one  furnace  in  a  highly  incandescent,  state,  while  green  fuel  is 
W  into  the  other.  Air  is  admitted  both  Ijelow  and  above  the  grate, 
■■■ml  ttlf  volatile  gases  are  supplied  with  the  necessary  oxygen  for  com- 
wnD  before  they  come  into  contact  with  the  comparatively  cool  boiler 

The  gases  from  both  furnaces  first  pass  into  a  chamber  formed  by  a 
Wgle  arch  sprung  across  the  entire  inner  setting  from  the  side  wall,  a 
^"rt  retarding  arch  being  placed  between  this  intermediate  chamber 
m  tin'  rear  of  the  setting.  A  special  tile  of  high-grade  refractory  clay 
11  pd,  the  thickness  varying  from  4  to  6  inches,  depending  upon  the 
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aze  of  furnace  and  the  length  of  span.  The  furnace  can  readily  be 
substituted  for  the  ordinary  types  in  common  use  under  any  standard 
htbabt  oi  water-tube  boiler  and  may  be  installed  either  under  the 

■  indicated  in  the  illustration,  «r  in  an  extension  Dutch  ov> 
Tiiis  is  an  excellent  furnace,  and  when  properly  manipulated  gives 
ii.l  efficient  combustion. 

II.  Chicago     Settings     Tor     Hand-tired      Return      Tubular      Boilers.  - 

Figs.  86  and  87  show  the  general  details  of  settings  for  return  tubular 
toilers  as  recommended  by  the  Chicago  Department,  of  Smoke  Inspec- 
n.'ii  The  setting  illustrated  in  Fig.  85,  ant!  known  as  No.  7,  is  ordi- 
narily installed  on  heating  jobs  where  the  rate  of  combustion  is  12  pounds 
d  goal  per  square  foot  of  grate  surface  per  hour  or  less,  and  those  shown 
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Fw.85,  Smokeless  Setting  for  Hand-fired  Return  Tubular  Boiler.    (Chicago  Specifi  cations.) 

and  ST  where  the  rate  of  combustion  is  greater  or  where  the 
a  regular  power  load.     The  dimensions  in  Fig.  85  refer  to  a 
I  nf  conditions  and  are  not  general.     All  three  settings  require 
awful  manipulation  for  smokeless  combustion  as  is  the  case  with  hand- 
firnl  furnaces  in  general.     It  has  been  the  experience  of  the  Depart- 
ment Hi  it  mast  violations  of  the  smoke  ordinance  are  due  primarily  to 
insufficient  draft,  the  required  rate  of  combustion  being  too  high  for 
lie  air  supply.     The  requirements  outlined  in  paragraph  93 
Ipplj  equally  well  to  these  settings.     The  following  specifications  refer 
'.  S6,  and  87,  the  items  in  the  specifications  corresponding  to 
the  letters  in  the  illustrations. 
V   Doors  should  be  of  a  type  allowing  the  admission  of  excess  nir 
over  the  fire  when  so  desired.     If  panels  are  cut  in  the  fire 
doors  for  this  purpose,  the  aggregate  area  of  the  openings 
should  be  not  less  than  4  square  inches  to  each  square  foot  o 
grate  surface. 
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B.  Arches  should  be  made  of  wedge  brick  or  "bull  heads"  and 

laid  in  two  courses  of  4§-inch  brick. 

C.  The  bridge  wall  should  be  made  of  first-grade  fire  brick  a 

the  grate  line  and  with  fire-brick  facing  not  less  than  9  in 
in  thickness  on  the  combustion-chamber  side.  The  top 
should  be  a  row-lock  course.  Provision  should  be  mad 
the  building  of  the  bridge  wall  for  lateral  expansion. 

D.  The  combustion  chamber  floor  should  be  paved  with  fire  I 

laid  on  edge. 

E.  Fire-brick  lining  below  the  arch  skewbacks  should  be  not 

than  9  inches  in  thickness.  Fire-brick  lining  above  the  * 
system  and  behind  the  deflection  arch  may  be  4§  inches  in  f 
grade  fire  brick,  with  headers  every  fifth  row. 

F.  Fire  brick  over  firing-door  liners  should  be  arched.     This 

also  applies  to  brick  above  the  clean-out  door  openings. 

G.  Facilities  for  taking  up  arch  thrust  should  be  provided  in  e^ 

case  by  suitable  metal  reinforcements  extending  horizont 
throughout  the  length  of  the  arches.  No  air  space  she 
intervene  between  the  metal  reinforcements  and  the  si 
backs. 

H.  Herringbone  or  Tupper  grates  or  other  similar  types  should 
be  selected  where  bituminous  coal  forms  the  major  portioi 
the  fuel. 

I.  The  back  arch  is  preferably  sprung  from  side  to  side  rather  t 
from  back  wall  to  rear  boiler  tube  sheet.  No  metal  shoulc 
exposed  to  direct  heat  of  gases. 

J.  Chimney  heights  of  less  than  90  feet  above  the  grate  line  sh< 
not  be  permitted,  and  this  height  allowed  only  when 
chimney  is  direct  connected  to  the  boiler  uptake.  In  cas 
a  breeching  and  detached  chimney,  add  to  the  height  of  cl 
ney  computed  by  standard  methods  (never  less  than  75  f 
10  feet  for  every  turn  of  the  breeching  and  one  foot  fore 
foot  in  length  of  the  breeching. 

K.  For  boilers  of  all  sizes,  special  provision  for  the  examinatioi 
girth  seams  must  be  made. 

L.  In  the  event  of  arch  failures,  the  boiler  should  be  immedia 
taken  out  of  service.  This  is  to  avoid  failure  of  the  be 
shell  due  to  heat  being  applied  upon  a  portion  of  the  heal 
surface  over  which  a  mud  deposit  has  formed. 
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Wooley  Smokeless  Furnace.  —  Fig.  88  shows  a  longitudinal  spe- 
nd a  sectional  plan  of  a  Wooley  smokeless  furnace  applied  to  a 
W.  boiler.  The  main  features  of  the  furnace  are  a  dividing  wall 
fire  box  and  a  deflecting  wall  in  the  combustion  chamber.  The, 
ng  wall  permits  of  the  alternate  method  of  firing,  whereby  one 
f  the  furnace  is  always  in  an  incandescent  state  while  the  other 


Flo.  88.     Wooley  Smokeless  Furnace. 

is  being  supplied  with  green  fuel.  If  a  mechanical  stoker  is  used 
fall  in  the  fire  box  is  omitted.  The  products  of  combustion  are 
ded  to  be  thoroughly  mingled  with  the  requisite  amount  of  air  by 
leflecting  walls  before  entering  the  regenerative  or  secondary  com- 
on  chamber.  This  type  of  furnace  does  not  meet  Chicago  require- 
e  and  is  not  much  in  evidence  in  the  middle  West. 
Kent's  Wing -wall  Furnace. —  Fig.  89  shows  the  application  of 
'a  wing-wall  furnace  to  a  water-tube  boiler.  The  Dutch  oven 
ont  of  the  regular  setting  contain?  the  grates.  Wing  walls  E  are 
id  as  shown  two  or  three  feet  to  the  rear  of  the  bridge  wall  D,  and 
wick  piers  H  behind  the  wing  walls. 


164 


STEAM  POWER  PLANT  ENGINEERING 


In  operation,  fresh  coal  is  spread  alternately  over  each  half  ot 
grate.  The  dense  smoky  gases  which  rise  from  the  green  portk 
the  fire  mingle  in  the  narrow  passage  with  the  highly  heated  air  b 
comes  through  the  other  side  of  the  grate  greatly  in  excess  of 


Fig.  89.     Kent's  Wing-wall  Furnnoe. 


required  to  consume  the  partially  burned  coal  there.  The  piers  h 
as  regenerative  surfaces,  absorbing  heat  from  the  fire  when  it  is  ho 
and  giving  it  out  when  it  is  coolest,  that  is,  just  after  firing.  Wing 
furnaces  are  little  used  in  the  middle  West. 

100.  Burke's  Smokeless  Furnace.  —  Figs.  90  and  91  show  sec 
through  a  Burke  smokeless  furnace  as  installed  in  a  number  of 
office  buildings  in  Chicago.  It  amounts  virtually  to  a  Dutch 
equipped  with  shaking  grates,  and  embodies  an  extension  self-fet 
coking  oven  of  cast-iron  section  lined  with  fire  brick  and  protected 
overheating  by  air  circulation  through  the  sections.  Natural  • 
is  used,  the  fire  doors  being  closed;  but  air  is  admitted  above  as 
uw  below  the  fire.  As  this  stoker  is  manipulated  by  hand,  moi 
[ess  attention  is  required  of  the  operator  in  keeping  the  fire  c 
Furnaces  of  this  type  at  the  power  plant  of  the  Majestic  Theatre  b 
ing,  Chicago.  HI.,  are  giving  excellent  results. 

101.  Down-draft  Furnaces.  —  Fig.  92  shows  the  application 
Hawley  down-draft  furnace  to  a  Heine  water-tube  boiler.  In 
furnace  there  are  two  separate  grates,  one  above  the  other,  the  i 


per  grate,  the  lower  one,  formed  of  common  bars,  being  fed 

g  flu   half-consumed  fuel  falling  from  tlie  upper  grate.     Air  for  com- 

;  ters  Hip  upper  lire  door,  which  is  kept  open,  and  passe*  Rrsl 

■    bed  of  green  fuel  on  the  upper  grate  and  then  over  the 

ut  fuel  on  the  lower  grate.      A  strong  draft  is  required,  due 
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0  the  relatively  small   upper  grate  area  arid  the  correspondingly  high 

tale  of  combustion.     Lump  cool  gives  better  results  than  the  smaller 

be  latter  are  apt  to  fall  through  the  upper  grate  before  being 

tally  consumed  and  when  such  is  the  case  efficient  results  cannot 

■  i      It  carefully  manipulated  this  furnace  with  tire-tiled  tube: 
ed  it.  Pig,  92  give*  higli  boiler  efficiency  and  smokeless  com- 
bustion, but  its  overload  capacity  is  limited.     Without  the  fire  tiling 

■  ombustion  is  possible  only  at  light  loads, 

iK.  sieam  Jet*.  —  The  main  purpose  of  a  steam  jet  in  connection 
nth  "smokeless  furnaces"  is  to  mix  the  air  and  gases  and  insure-  inti- 
mate mixture  of  the  products  of  combustion.     This  action  is  purely 
mechanical,  the  steam  in  itself  not  being  a  supporter  of  combustion. 
TV  claims  sometimes  made  that  steam   increases  the  calorific  value 
of  fuel  are  erroneous.     There  are  conditions   with  certain  grades  of 
goals  and  refuse  under  which  a  moderate  amount  of  steam  injected  into 
fie  furnace  promotes  complete  combustion  and  increases  the  efficiency 
"iiln-  boiler.     Such  results,  however,  are  due  to  increase  in  tivail'ible 
in  I  mil  not  to  increase  in  actual  calorific  value.     For  example,  hydro- 
pn  and  CO  formed  by  the  reaction  between  the  steam  am!  incandescent 
BUton  unite  with  (he  oxygen  of  the  air  passing  through  the  grate  and 
poerata  intense  heat.     This  heat  dissociates  a  part  of  the  steam  into 
ml   oxygen.     The  hydrogen  immediately  rccombines  with 
nygen  of  the  air,  while  the  oxygen  in  its  nascent  state  effects  complete 
on  of  the  hydrocarbons  which  under  ordinary  conditions  escape 
■  in  of  smoke.     Although  it  takes  as  much  heat  to  dissociate 
■team  into  its  elements  as  is  given  off  when  the  hydrogen  burns  back 
agnin  to  water  vapor  the  gain  in  available  heat  effected  by  the  steam 
'"'  in  the  combustion  of  the  hydrocarbons  which  would  otherwise  be 
I  up  the  stack.    The  heat  necessary  to  superheat  the  steam 
i  ni[>erature  must  be  charged  against  the  coal  pile  but  the  loss 
my  !»■  more  than  offset  by  this  increase  in  available  heat.     It  takes 
amount  of  oxygen  to  burn  the  hydrogen  as  is  liberated  by 
'ii  so  there  is  no  extra  oxygen  available  for  combustion,  but  the 
mis  liberated  is  in  a  nascent  state  and  combines  much  more 
readily  with  the  hydrocarbons  than  does  atmospheric  oxygen. 
There  is  no  question  as  to  the  value  of  properly  installed  steam  jets 
ining  smokeless  combustion  in  internally  fired  furnaces,  hand- 
I  ii-tubular    boilers    and    improperly    designed    furnaces,    but 
iking  all  things  into  consideration   better  results  may  be  had  with 
Mi)     designed    furnaces    equipped    with    mechanical    .stokers.     A 
-  stack  with  hand  firing  is  not  a  true  indication  of  efhViei 
ice  the  air  dilution  may  be  excessive  and  the  heat  deni 
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of  the  steam  jets  may  be  very  great.  Since  air  requirements  are  greatest 
at  the  moment  of  firing  fresh  coal,  and  the  demand  diminishes  as  dis- 
tillation of  the  volatile  matter  progresses,  steam  jets  need  close  regu- 
lation for  best  economy.  If  permitted  to  run  continuously,  as  is  often 
the  case,  they  may  use  considerably  more  of  the  energy  of  the  coal 
than  they  save  by  effecting  smokeless  combustion.  In  many  of  the 
patented  "smoke  consumers"  the  jets  are  automatic  and  operate  inde- 
pendently of  the  fireman. 

Fig.  93  illustrates  the  application  of  a  steam  jet  to  a  hollow  bridge 
wall.  The  top  of  the  wall  is  fitted  with  a  small  cast-iron  column  M, 
partially  Imbedded  in  the  brickwork.  A  series  of  1-inch  holes  "00," 
drilled  near  the  top  of  the  casting,  furnish  exits  for  the  steam  and  air. 
A  steam  jet  in  one  end  of  the  column  induces  air  into  the  iron  chamber 
and  forces  it  across  the  fire  in  fine  streams.     Excessive  air  dilution  is 


Applications  of  SK;am  Juta  to  Hollow  Bridge  Wall. 


avoided  by  partially  closing  the  ash-pit  doors  and  by  regulating  tie 
intensity  of  the  jets.  An  installation  of  this  type  is  especially  effective 
in  connection  with  coal  having  a  tendency  to  fuse  and  seal  the  air  pas- 
sages in  the  grate.  Two  Stirling  boilers  at  the  Armour  Institute  of 
Technology  equipped  with  this  device  gave  practically  smokeless  com- 
buslion  at  all  normal  loads,  though  at  heavy  overloads  it  was  necessary 
to  slightly  open  the  fire  doors.  Without  the  use  of  the  jets  smoke 
could  not  lie  prevented  except  at  light  loads. 

103.  Parson  Smokeless  furnace.  —  The  Parson  forced-draft  system 
for  smokeless  combustion,  applied  to  a  return  tubular  boiler  as  illus- 
trated in  Fig.  9-t,  comprises  a  specially  designed  grate  G,  depending 
upon  a  steam  jet  blower  A  for  draft.  Part  of  the  steam  is  admitted 
below  the  grate  and  part  over  the  fire  through  the  hollow  bridge  wall  #■ 
The  supply  of  :iir  above  the  grate  is  regulated  by  means  of  damper F- 
The  si  rum  to  blower  .1  is  automatically  adjusted  by  regulator  tf, 
which  is  actuated  by  the  steam  pressure.  The  steam  to  the  jet  is  super- 
healed  by  passing  the  supply  pipe  through  the  setting  as  indicated. 
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he  bridge  wall  H  is  provided  with  an  extension  platform  M  for  hold- 
g  the  unbumed  fuel  when  cleaning  the  fire.  When  equipped  with  a 
roperly  designed  deflecting  arch  the  furnace  meets  with  the  require- 
tents  of  the  Chicago  Smoke  Department 


Flo.  94.     Parson  Smokeless  Furnace. 


W.  Hetarlch  Smokeless  Furnace.  —  Fig.  95  shows  the  application 
of  the  Heinrich  system  of  forced  draft  to  a  return  tubular  boiler. 
Hot  air  is  taken  from  the 
boiler  room  above  the 
boilers  by  a  steam  jet 
Hewer  at  A  and  forced 
into  the  superheating 
dumber  below  the  com- 
bustion chamber.  From 
thia  chamber  part  of  the 
w  'a  drawn  by  the  auxil- 
ury  blowers  C  and  forced 
"tough  tuyeres  above 
thegrate,  the  rest  passing 
trough  an  opening  Im- 
ittUi  the  bridge  wall 
mto  the  ash  pit  and  up 
through  the  bed  of  fuel. 
Steam  for  the  blower  .1 
°>A  the  auxiliaries  C  a 
wpplied  through  flnauto-  sectional  plan 

°»tic  regulator  R,  which  *""'  ^     Hctnrv-h  Smokeless  Fiirnac 

•Pa*  when  the  steam  pressure  fall*  below  the  required  value. 
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105.  Luckenbach  Smokeless  Furnace.  —  Fig.  96  shows  the 
tion  of  the  Luckenbach  system  to  a  standard  return  tubular  b* 
Betting.     It  consists  primarily  of  a  set  of  needle  nozzles  place 

-  ade  walls  above  1 


SECTIONAL  PLAN 

Fin.  96.     Luckenbach  Smokeless  Furnace. 

tant  feature  of  the  system.  It  is  absolutely  foolproof  and  < 
burn  out  even  if  the  steam  supply  is  entirely  cut  off.  (For 
information  see  Eng.  News,  Dec.  29,  1910.) 

1M.  Mechanical  Stokers.  —  Uniform  evolution  of  the  volatile 
the  fuel  is  the  essential  requisite  for  smokeless  combustion,  a 
for  this  reason  that  mechanical  stokers  as  a  class  are  more  eff< 
preventing  smoke  than  any  apparatus  accompanied  by  into 
firing.  Stokers  which  feed  irregularly  have  the  effect  of  ha 
furnaces,  and  it  is  necessary  not  only  to  employ  some  powerful  s 
mixing  device  but  also  to  furnish  at  times  an  extra  supply  of  ail 
cure  of  the  enormous  volume  of  volatile  gas  evolved  after  a  fres. 
of  fuel  is  added. 

Carefully  adjusted  automatic  stokers  owe  their  high  emeu 
(1)  uniformity  of  feed;  (2)  proper  proportion  of  air  and  cot^ 
(3)  absence  of  excessive  air  dilution,  as  when  the  fire  doors  are  o 
connection  with  hand  firing;  and  (4)  self-cleaning  p-~*"~ 

Daily  records  arc  essential  with  any  type  "lai 

if  efficient  results  are  expected,  as  only  *  A 
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to  determine  the  proper  adjustment  of  air  supply,  depth  of  fire, 

eed,  and  the  like.     Control  of  air  supply  is  almost  as  important 

lpkeep  and  effective  operation.     In  the  best  firing  practice  the 

nount  of  air,  depth  of  fire,  and  rate  of  feed  must  be  worked  out 

engineer. 

jts  are  often  condemned  by  owners  as  inefficient  and  inferior  to 

boking  because  no  particular  attention  has  been  paid  to  them 

filling  the  hopper  with  coal.     They  should  be  operated  in  strict 
ince  with  the  principles  of  design, 
ants  of  2000  horse  power  or  over,  the  installation  of  mechanical 

and  coal  conveyors  effects  a  considerable  saving  of  labor  and 
mlly  be  relied  upon  to  solve  the  smoke  problem  if  reasonable 
mi  is  given  to  their  operation.  In  smaller  plants  interest  on 
restment  and  other  considerations  may  make  hand  firing  more 
deal,  although  many  plants  of  capacities  as  small  as.  200  horse 
are  giving  satisfaction,  particularly  in  places  where  a  poor  grade 

is  used  and  smoke  ordinances  are  rigidly  enforced.    A  stoker 

self-cleaning,  slow-running  type  requires  much  less  attention 
be  hand-fired  furnace.     With  hand  firing  one  fireman  can  effi- 

attend  to  the  water,  coal,  and  ashes  of  about  200  horse  power, 
die  coal  for,  say,  500  horse  power,  whereas  with  good  automatic 
\  he  can  readily  take  care  of  2000  horse  power  or  of  4000  horse 
with  chain  grates  equipped  with  overhead  bunkers  and  down 

» 

best  stokers  are  those  which  are  least  complicated  and  simplest 

ration.    A  cheap  stoker  is  a  poor  investment,  since  the  cost  of 

;  and  shutdowns  will  usually  amount  to  more  than  the  saving 

e. 

following  outline  gives  a  classification  of  a  few  of  the  best-known 

san  mechanical  stokers: 

ront  Feed. 

Chain  Grates:  Step  Grates: 
Babcock  &  Wilcox,  Roney, 

Green,  Wilkinson, 

McKenzie,  Acme, 

Playford.  McClave. 

(SB  Feed.  Under  Feed. 
Step  Grates:  Jones, 

Murphy,  American, 

Detroit,  Taylor, 

Model.  Guckett. 


I*2LLZjbL 


■  i-*U 


-  ~  ■  ~    ~jz~    -     el^    :f  "he  most  popul 

—  -  :..  "  -.  *-       t      -T-  -.:   -2iii*l   -izes  of  free-burni: 

^       -  -    .   tl_~~il;  -n«^t-r?  :r.;trr.  of  grate  ba 

*•  _*:  _     *■  ~*:   -  "  r  "-►.-  ».-".n.72.:io«2s  and  unifor 

.—      -:-■*.-.  SL- :  -ne  zr.iv-  moving  togetht 

-.■*-■-     ^"-  >  -•  r-z.i-atal  thuugh  : 

-_- -«         -  j  -._:_     -     z-  "  ^rir:  "iie  Trlige  wall.    Tl 

-.—  ■:■.-:  "  ~:~r  i^z  "iie  pri-crea^ive  stag< 
»■  ■■  ■  _  .T-".  *    .:: :    -  :~w-r?.   iiL-i  maintaining 

„—  ■•         '  '     .-    .  ."  :ii-~- ■•      Til*1  irivin^  mechanisi 

-  -=•-  ^  ■  ■    -  "*■„ '■.>="  izii  7a.Tr>.  :h*?  arms  cam 

_  -  ■-.:::«;::■  ~:-ti  :y  ii -^wntrie  mounte 

■      -       ■        ""  '    -    :..       ■-    :r*"--i   ~r;  inj  Tyrv-  •_.{  engine* 

*■■■-.  _-■       ^  •:..:'■-:    ■*"  -iryiziz  the  stroke  ( 

-       -       *"  .       -       in-      :  z*  Xj>  r  phuvd  at  tl 

"  _■-    ".-  -.  r-\r~i:^l  r.-y  a  guill< 

\n.    •     >  -r."-;^i  with  a  fh 

■  «    ,  ^  .;:  '■    :     :  "vi..;ii  i-»  .;.'■ .-vioii*.    Tl 

■       ^    ■  -■.      ."-    ::■  «-i" ■•:  -c  a  perrnanri 

•   :.     -■-"•:"/.   *r.-r   ! -oiler.    Tl 
■  ■  —  -  ,:"■■"     -::•■•!!■:  ■  •=■  *.»  retaliate 

■  •    r-.":  :"  rh.il!  have  bet 

-  .  -     -  •     :  :**■'.:  j.r^f*:  into  the  pi 
--."         -     ■    *•         "                 •      ■  •  -  ;.-rv'Lr    leakage  of  a 

-  ■  "  "    -  ■-."■■■'«.  itl  in  :he  hopper 

■-   '  *    *  "  •      ■  ■     . "  ■'_-.■  rvar  where  it 

-  --       "      -     -  ■-.""«'■    : ■  r-:!:  .;■:  fire  and  a? 
■    -  -  ■    ■         '      "        ."     -  ■     -      \.t    :ireuitingv  • 

•   -■        -  -          -                          '          :'      .     o:  "*V.  :l;un  grate  to 

:   -     •'■  '-'  -*■   ..            .  -  ;         ..**..-.  imre  and  cove 

"  -   ■■  "  "-   '      ""  " :  •  -•■  ■■     -  ..-■'            T '..■      r:  :^r  wall  is  fittc 

\>            ■.-.•■■■  -  ..■..■■••■:.•.■; -v  .•.■.■•:.■    l:: ■"•    "■■  urs  from  beir 

■■■.■■■  ■!       W':,;  ■;:.:■'■:::.   :•.-■:«   ri.i-    «•-.:-    <,:    ;;»;j/  .,-    :.r.h  :lI1d  sottir 

—    "v->  !»■■::  *:■  ■  ■  y  -?:p >k» ■!•■-•:  fiiiiii/ij -! j'jj i .   f,Mt   f.'irf-fijj   manipulation 

•■.■»  i--.^-'\    \\::li  r;api« liy  fhirtu.-itiiijr  K-i«i-   to  pM-vi-ut   the  formation - 


I 


i 


I  Uil    '»'  /  I '  I  I  I  : 


...--L. 

t 

• 

■"  :.('  •" 

:■    '""^MfJ 

r:- 

176 


STEAM  POWER  PLANT  ENGINEERING 


Fig.  98  shows  the  application  of  a  fire-tile  roof  to  a  B.  &  W.  boiler 
with  chain  grate.  This  arrangement,  though  effective  in  the  preven- 
tion of  smoke,  is  not  much  in  evidence  in  modem  plants  because  of  the 
short  life  of  the  tiles. 

Fig.  99  shows  the  application  of  a  B.  &  W.  chain  grate  to  the  rear  of 
a  B.  &  W.  boiler  as  installed  at  the  Quarry  Street  Station  of  the  Common- 
wealth Edison  Company.  Fig.  100  shows  the  application  of  a  B.  &  W. 
stoker  to  the  front  end  of  the  setting  but  with  a  much  larger  combustion 
chamber.  Both  of  these  settings  are  effecting  smokeless  combustion 
with  Illinois  screenings. 


Fid.  101.  Green  Chain  Grate,  Standard  Type. 
Fig.  101  shows  the  application  of  a  standard  Green  chain  grate  foz 
free-burning  bituminous  coals.  The  ignition  arch  is  inclined  to  th- 
grate  and  t  he  distance  between  arch  and  grate  is  much  greater  than  witB 
either  of  (he  settings  just  described.  The  arch  is  inclined  so  that  th 
heal  from  the  incandescent  fuel  lied  near  the  bridge  wall  is  reflected 
down  upnn  the  green  fuel,  thus  hastening  distillation  of  the  volatil 
gases.  This  arrangement  permit!!  of  greater  overloads  with  smokele= 
coi  nl  Hist  ion.  Swinging  "air-back"  E  serves  the  double  purpose  C= 
retaining  the  fuel  and  ash  on  the  grate  until  all  of  the  combustible  ~= 
consumed  and  of  prcvenling  air  leakage  between  the  bridge  wall  a» 
the  end  of  the  chain.  The  accumulated  ash  is  dumped  into  the  ash  p» 
as  occasion  requires  by  rotating  the  air-back  on  its  axis.  A  small 
jut  or  air  blast  prevents  the  air-hack  from  being  overheated. 
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Coking  bituminous  coals  are  not  adaptable  to  the  ordinary  si 
chain  grate  on  account  of  the  swelling  and  fusing  action  of  th 
under  the  ignition  arch.  Fig.  102  shows  a  Green  grate  modif 
bum  this  grade  of  fuel.  The  fresh  fuei  is  fed  from  the  hoppei 
dead  plate  B  by  means  of  pusher  A  and  from  the  latter  upon  ( 
clined  coking  plates,  C,  D.  These  plates  gently  agitate  the  fuei  i 
the  period  of  distillation  and  prevent  it  from  fusing  together  so  tl 
the  time  it  reaches  the  grate  proper,  it  no  longer  tends  to  cake, 
ignition  arch  is  inclined  for  the  purpose  previously  stated.  Grc 
this  type  installed  at  the  59th  Street  station  of  the  Interborough 
Transit  Company  are  giving  excellent  results  at  heavy  overloads. 
results  of  these  tests  are  shown  in  Fig.  57. 


Fro.  103.     Details  of  Iloi 


108.  Step  Grates,  Front  Feed.  —  Fig.  103  shows  the  general  ai 
merit  of  a  Honey  stoker  and  Fig.  105  that  of  a  Wilkinson  stokei 
trating  the  step-grate,  front-feed  principle.  The  Roney  stoker  c 
of  a  hopper  for  receiving  the  coal,  a  set  of  rocking  stepped  grates  ii 
at  a  proper  angle  from  the  horizontal,  and  a  dumping  grate 
bottom  of  the  incline  for  receiving  and  discharging  the  ash  and  el 
The  (lumping  grate  is  divided  into  several  sections  for  convenie 
handling.  The  coal  is  fed  onto  the  inclined  grate  from  the  hop 
a  reciprocating  "pusher"  actuated  by  the  "agitator."  The  pc 
supplied  through  an  eccentric  operated  by  a  small  engine  or  i 
The  normal  food  is  about  10  strokes  per  minute.     The  grate  bar. 
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through  nn  arc  of  30  degrees,  assuming  alternately   horizontal  and 

Vtt&ted  positions.     The  construction  permits  abundance  of  air  to  pass 

through  the  fuel,  with  little  or  no  possibility  of  coal  dropping  through 

A  coking  arch  of  fire  brick  is  sprung  across  the  furnace  as 

iidirattd.     This  stoker  operates  with  natural  draft  and,  with  suitable 
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thus  inducing  the  required  amount  of  air  for  combustion,  whic 
through  air  openings  approximately  }-inch  wide  by  3  inch 
These  stokers  are  driven  by  two  small  hydraulic  motors,  th 
being  furnished  by  a  small  pump  and  being  used  over  and  ove 


Fio.  105.    Details  of  Wilkinson  Stoker. 


109.  Step  Grates,  Side  Feed.  —  Fig.  106  shows  a  front  verti 
tion  and  Fig.  107  a  side  vertical  section  through  a  Murphy  au 
stoker  and  furnace.  The  apparatus  is  in  effect  a  Dutch  oven  e- 
with  an  automatic  feeding  and  stoking  device.  Coal  is  int 
either  mechanically  or  by  hand  into  the  magazine  at  each  std< 
furnace  and  above  the  grate  and  descends  by  gravity  upon  the 
plate.  Reciprocating  stoker  boxes  push  the  coal  out  upon  tl 
bars.  Every  alternate  grate  bar  is  movable  and  pivoted  at  it 
end.  A  rocker  bar  driven  by  a  small  motor  or  engine  causes  tl 
ends  to  more  up  and  down,  this  action  producing  the  required 
effect.  A  device  for  grinding  up  the  clinker  and  ash  is  prov 
shown  at  the  bottom  of  the  furnace.  This  is  hollow  and  is  co 
by  a  2-inch  pipe  with  the  smoke  flue,  so  that  the  cold  air  passing 
it  prevents  it  being  destroyed  by  the  heat.  Air  is  supplied  to  tl 
coal  through  flues  passing  under  the  coking  plates,  and  the  s 
Ihc  stoker  boxes  and  grate  bars  can  be  regulated  to  conform 
rale  of  combustion.  On  account  of  the  large  fire-brick  corr 
rlmiiibrr,  this  stoker  with  careful  manipulation  is  capable  of  pr; 
tmmkrli'ss  combustion.     The  power  house  of  the  Northwestern  E 
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Railroad  Company,  Chicago,  111.,  is  equipped  with  Murphy  fur 
which  are  operating  smokelessly  at  an  unusually  high  combustior. 
whereas  a  number  of  other  installations  using  the  same  type  of  i 
and  boiler  and  burning  the  same  class  of  fuel  are  heavy  smoke  prod 
Murphy  furnaces  are  peculiarly  adapted  to  variable  loads,  sin 
light  loads  the  stoker  may  be  operated  with  reduced  grate  an 
allowing  the  bottom  of  the  grate  to  partly  fill  with  ashes. 

lit.  Jones  Underfeed  Stoker.  —  Fig.  108  shows  the  general  prin 
of  the  Jones  underfeed  stoker.  It  consists  of  a  steam-actuated 
with  a  fuel  hopper  outside  of  the  furnace  proper  and  a  fuel  mag 
and  auxiliary  ram  within.  Air  for  combustion  is  admitted  thi 
openings  in  the  tuyere  blocks  on  either  side  of  the  retort.  Coal  : 
into  hoppers  and  forced  under  the  bed  of  fuel  in  the  stoker  r 
where  it  is  subjected  to  a  coking  action.  After  liberation  of  the  vc 
gases  the  coke  is  pushed  toward  the  top  of  the  fire.     The  top  c 


Flu.  103.     Jones  Underfeed  Stoker. 

fire,  nearest  the  boiler,  is  always  incandescent.  Each  charge  ot 
gives  an  upward  and  backward  movement,  which  agitates  the  fire 
out  opening  fire  doors.  Air  is  admitted  through  the  tuyere  bloc 
the  point  of  distillation  of  the  gases. 

Grate  bars  form  no  part  of  the  Jones  system,  and  it  is  thei 
impossible  for  the  fuel  to  fall  through.  There  is  no  ash  pit.  The 
combustible  matter  is  removed  from  the  furnace  by  hand.  The  s 
ard  size  of  the  retort  is  about  6  feet  in  length,  28  inches  in  width 
18  inches  in  depth,  and  experience  has  shown  that  other  sizes  ar 
necessary  since  the  spaces  between  retort  and  side  wall  of  the  vf 
furnaces  may  be  provided  for  by  extending  the  width  of  the  dead  p 
One  or  more  stokers  are  installed  in  each  furnace,  depending  upo 
rapacity  of  the  boiler  and  the  width  of  the  furnace. 

The  steam  pressure  automatically  controls  air  and  fuel  supply, 
portioning  them  to  each  other  and  to  varying  loads  in  the  c< 
d'-tfree.  The  result  is  that  the  stoker  effects  complete  and  smol 
combustion.  The  only  variable  element  in  the  operation  of  this  st 
once  it  is  correctly  installed,  is  cleaning  of  fires,  but  if  the  firem 
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careful  to  burn  down  the  coals  before  breaking  them  up  the  production 
ui  smoke  may  be  avoided. 
Jones  underfeed  stokers  are  adaptable  to  all  grades  and  sizes  of 

bituminous  coal,  and  on  account  of  forced  draft  are  capable  of  burning 

mry  low  grades  of  coal. 
111.  American  Underfeed  Stoker.  —  Pig.  109  shows  an  application  of 
u  American  underfeed  stoker  to  a  return  tubular  boiler.  This  differs 
from  the  Jones  stoker  in  the  method  of  feeding  the  fuel  to  the  retort 
and  in  the  employment  of  "live"  grates  instead  of  dead  plates  on  the 
ides  of  the  retort.     The  coal  is  fed  into  the  hopper  and  carried  by 


Flo.  100.     American  Underfeed  Stoker. 


tt  endless  screw  conveyor  into  the  magazine  or  retort.  Forced  draft 
Bond  and  the  air  supply  and  speed  of  the  conveyor  are  readily  adjusted 
to  suit  the  conditions  of  load.  In  all  underfeed  stokers  complete  com- 
bustion is  effected  within  a  very  short  distance  from  the  retort,  hence 
smuch  smaller  combustion  space  is  required  than  with  other  types  of 
'token.  For  this  reason  underfeed  stokers  may  give  good  results  when 
installed  in  internally-fired  boilers  and  small  hand-fired  return  tubular 
boilers. 

Us.  Taylor  Underfeed  Stoker.  —  Fig.  110  shows  the  general  details 
■  »  Taylor  underfeed  stoker  for  burning  bituminous  coals.  The 
device  consists  essentially  of  a  series  of  alternate  retorts  and  tuyere 
bona  inclined  as  indicated.  Each  retort  is  fitted  with  two  rams  — 
8* upper  for  pushing  the  green  fuel  outward  and  upward  and  the  lower 
•e  for  forcing  the  fuel  bed  and  refuse  toward  the  dump  plates  at 
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tear.  Air  is  supplied  by  a  volume  blower  and  enters  the  furnace  through 
openings  in  the  tuyere  boxes.  The  dump  plates  itre  hung  on  the  rear 
»I  the  wind  box  and  are  controlled  from  the  front  of  the  stoker.  Ex- 
'  inserted  between  the  mouth  of  the  retort  and  the 
iluiup  plates,  when  the  nature  uf  the  fuel  makes  this  arrangement  dcsir- 
il>le.    This  extension  may  be  rocked  if  necessary.     The  stoker  and- 

■  operated  by  the  same  engine,  the  air  and  coal  supply  being 
illy  controlled  by   the  variation  in  steam  pressure.     Taylor 

staters  may  be  operated  smokelrssly    and   efficiently   at  very   heavy 
DTHkmds  and  are  much  in  evidence  in  the  eastern  states.     The  steam 
operate  the  blower  and  stoker  varies  from  2,5  to  5  per  cent 
if  the  steam  generated,  de- 
puting ii | x ii i  the  size  of  the 
i  and  the  percent- 
;^f  nl  riiting  developed. 
111.  Sprinkling    Stokers.  — 

■  in  of  stoking  the 
(ml  in  finely  divided  form 
B  distributed  by  sprinkling 
imiinmily  over  the  entire  area 
"fthegrate.  With  theproper 
adjustment  of  air  supply  and 

■  ulatilo  gases  sire 
ili-iillcil     off      continuously 

■  grate  is  covered 
bj  the  new  coal  and  without 
t!i;i(i-ri:il!y  lowering  the  teiu- 
pmtnre  of  the  incandescent 
i'i'l    Mechanically  the  oper- 

■.■I  lives   considerable 

Sprinkling  Btokers 

inform  to  Chicago 

fcquircmente. 

Fig.  Ill  gives  the  general 

the  Swift  stoker, 

"Wilting    a    commercially 

okerof  this  type.  FlG-  UI-    3wift  sPrinkJi<w  Stoker. 

H»apparatu8  is  self-contained,  and  is  bolted  to  a  frame  casting  in  front 

ting,  and  takes  the  place  of  the  fire  door.     It  may  be  swung 

i  the  fire-door  opening  in  much  the  snme  manner  as  the  ordinary 

oal  of  nut  size  or  smaller  is  fed  into  a  small  hopper,  of  a 

Ml  pounds'  capacity,  from  which  it  gravitates  on  to  a  berm  plate  a 
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pusher  plate.  By  means  of  the  latter  the  fuel  is  fed  to  rapidly  re^ 
spreaders,  which  crush  it  into  small  particles  and  throw  it  onto  the 
The  fine  or  powdered  coal  is  burned  in  suspension  and  the  heavi 
falls  to  the  grate.  The  spreaders  are  heavy  pieces  of  cast  steel,  i 
ing  about  a  common  axis  and  shaped  helically  so  as  to  throw  the 
a  direction  at  right  angles  to  the  face  of  the  machine.  There  are  i 
of  these  spreaders  so  arranged  on  the  shaft  that  adjacent  spr 
throw  the  fuel  in  different  directions.  This  stoker  is  not  self-clea 
that  is,  the  ashes  must  be  removed  by  hand  or  by  suitable  si 
grates. 

114.  Smoke  Determinations.  —  Smoke  measurements  may  be 
quantitative  or  relative. 

The  most  satisfactory  method,  at  this  writing,  of  determinii 
quantity  of  smoke  passing  through  a  chimney  is  that  adopted  1 
Chicago  Association  of  Commerce.  A  continuous  sample  of  ch 
gas  is  drawn  from  the  stack  by  means  of  a  special  Pitot  tube  ai 
hauster,  and  the  solid  particles  are  entrapped  in  a  filter.  The  t 
so  arranged  that  the  rate  of  flow  through  the  apparatus  is  the  sa 
that  in  the  chimney.  Since  the  area  of  the  tube  opening  bears  a 
ratio  to  that  of  the  chimney,  the  weight  of  carbon,  cinders,  soc 
the  like  caught  in  the  tube  filter  is  a  measure  of  the  total  weight  ei 
from  the  stack. 

Quantitative  measurements  are  of  considerable  value  in  estin 
the  amount  of  energy  lost  in  the  production  of  visible  smoke,  b 
seldom  attempted  in  regular  practice. 

'  There  are  several  methods  of  determining  smoke,  relatively, 
most  common  is  that  devised  by  Ringelmann,  and  is  comma 
known  as  the  Ringelmann  Smoke  Chart.  The  chart,  as  publish 
the  U.  S.  Geological  Survey  and  used  by  the  Smoke  Departm< 
the  City  of  Chicago  and  other  municipalities,  consists  essentiall; 
cardboard  folder  12  by  26  inches  over  all.  Four  charts  are  prinl 
this  folder,  each  chart  consisting  of  294  squares,  14  squares  wide 
squares  in  length,  the  width  of  the  lines  and  spacings  varying  as 
t rated  in  Fig.  112.  At  a  distance  of  50  feet  from  the  observer  th< 
become  invisible  and  the  cards  appear  to  be  of  different  shades  of 
ranging  from  very  light  gray  to  almost  black.  The  observer  plac 
chart  on  a  level  with  the  eye  (at  the  distance  stated,  and  as  nea 
possible  in  line  with  the  chimney)  and  notes  which  card  most  i 
corresponds  with  the  color  of  the  smoke.  Observations  shou 
made  at  15-sccond  intervals  and  recorded  as  in  Fig.  113.  No  sm< 
recorded  as  Xo.  0,  100  per  cent  as  No.  5,  and  the  intermediate  < 
as  indicated  by  the  cards. 
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need  observers  often  record  in  half-chart  numbers.  Although 
"Potions  depend  upon  the  personal  element  it  is  the  opinion 
bicago  Smoke  Department  that  only  a  little  experience  is 
■  to  effect  consistent  results  with  different  observers, 
ior  to  1910  a  chimney  was  held  to  be  a  smoke  nuisance  by  the 
igo  smoke  inspection  authorities  when  it  emitted  smoke  of  No.  3 


FtO.  112.      Rincf'tiiiatiii  Simjke  Ouirl  (Greully  Reduced). 


» according  to  the  Ringelmann  chart,  for  7  minutes  during  one 
based  on  the  original  ordinance.  With  this  standard  the 
ersof  a  chimney  which  emitted  but  a  very  small  total  quantity  of 
ke  might  he  liable  to  punishment,  whereas,  with  a  chimney  which 
itouously  emitted  smoke  of  a  density  less  than  No.  3,  the  owners 
Id  be  safe  from  legal  prosecution,  although  the  total  quantity 
tied  might  be  many  times  as  great. 


Fio.  113.     Smoke  Record  Cliart. 

i,  the  total  smoke  emitted  will  be  taken  into  consideration, 
itionswill  be  made  on  a  given  stack  every  15  seconds  throughout 
and  tin.'  total  "smoke  units"  will  be  recorded,  from 
rage  smoke  density  for  the  entire  period  will  be  cal- 


)  unit"  is  the  equivalent  of  No.   1   smoke  (Ringel 
1  for  one  minute.     No.  1  smoke  has  a  density  of  5 
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cent;  No.  2,  40;  No.  3,  60;  No.  4,  80,  and  No.  5, 100  per  cent.  Thus, 
if  a  .stack  emits  No.  3  smoke  for  6  minutes,  18  smoke  units  are  charged 
against  it.     If  this  smoke  was  emitted  during  one  hour's  observation, 

then 

3X6X20      a 

gjr =  6  per  cent 

is  the  average  density  of  smoke  emitted  during  the  period  of  observa- 
tion. 

If  oljservations  on  a  given  stack  show  that  the  density  averages 
more  than  2  per  cent,  although  the  owner  may  not  be  legally  liable, 

i 

an  appeal  is  made  to  his  personal  and  civic  pride  by  a  representative 
of  the  smoke-inspection  department.  For  example,  if  a  certain  hotel 
stack  emits  smoke  of  more  than  2  per  cent  average  density,  the  smoke 
department  finds  a  plant  record  of  similar  design  and  equipment, 
preferably  a  hotel  plant,  which  shows  a  record  well  below  the  2  per 
cent  mark.  This  plant  is  then  pointed  out  to  the  owner  or  manager 
having  the  objectionable  chimney  and  he  is  asked  if  he  cannot  do 
equally  well  when  he  has  practically  the  same  equipment,  etc. 

It   hits  been  found  that  this  method  of  procedure  often  produces 
quicker  and  better  results  than  a  threat  to  go  to  law. 

AYir  Mvthoth  of  Approaching  the  Smoke  Problem,  Osborn  Monnett,  Jour.  Wes. 
Soc.  KngfH.,  Nov.  4,  1912. 


DIVISIONS  OF  MESH:   RINGELMANN'S  SMOKE  CHART. 


Numbers  give 

Relative  Smoke 

Density. 

Thickness  of 
Lines,  mm. 

Distance  in  the 

Clear  between 

Lines,  mm. 

0 

All  white 

All  white 

1 

1 

9.0 

o 

2  3 

4   .  i 

3 

3  7 

6.3 

1 

o    ") 

4.5 

."> 

All  Mark 

i 

»  N   ^     . 


I'ho  H:\r.muiT-l\lily  smoke  recorder.  Fig.  114.  is  one  of  the  most 
v;;vv\ '<-•';:!  vie\  u  <  s  :or  automatically  recording  the  density  of  the  smoke 
v.*.  -v -\  *'. -:.x -v.:   .  :"  p<  r*oua:  observations.     This  apparatus  consists  esse**- 

:v.o:   r-^iriw  :i  vacuum  pump,  which  draws  a  eontinuo*** 

:■•::   from  the   uptake,   breechiol 

:i   p:::vr-oovored  drum  revolr^ 

':  •       ■■:<•   at  which  visible 

-:v.  k--pr\xhiction  period 

::.     s:u:ke  itself.    Befe*** 


V    '        •  •  *  .  * 


.  ..    -  * 


,£-■»■ 


N\ 


/ 


SMOKE  PREVENTION,  FURNACES,  STOKERS 


189 


hing  the  pumps  the  gases  pass  through  a  glass  "emergency"  con- 
ser  and  a  large  portion  of  the  vapor  content  is  removed.  The 
ap  discharges  the  partially  dried  gases  against  a  surface  of  sulphuric 
d  (which  removes  the  last  trace  of  moisture)  and  forces  the  smoke 
the  form  of  a  small  jet  of  dry  powder  onto  the  surface  of  the  record- 
5  paper.     The  sampling  tube  leading  from  the  flue  to  the  pump  is 


Flo.  1 1*.      Hammler-Eddy  Smoke  Recorder  —  Motor-driven  Type. 


tcmnected  with  a  steam  line  and  is  "blown  out"  each  time  a  card  is 
changed.  The  instrument  is  very  compact  and  portable  and  may  be 
placed  anywhere  with  respect  to  the  chimney.  A  number  of  these 
ippliances  in  Chicago  power  plants  are  giving  excellent  satisfaction, 
lnamore  recent  design  the  pump  is  replaced  by  a  steam  siphon. 

us.  Cost  of  Stokers.  —  The  following  is  the  approximate  cost  of 
itokera  suitable  for  a  Babcock  and  Wilcox  boiler  of  350-horse-power 
oted  capacity  with  45  square  feet  of  grate  surface;  height  of  chimney 
•hive  grate,  175  feet;  coal  burned,  Illinois  screenings.  The  cost  of 
installation  included,  exclusive  of  brickwork,  is 

I  Chain  grate  and  appurtenances $1,500.00 

2.  Jones  underfeed  stoker 1,400.00 

3.  Hawley  down-draft  furnace 1,350.00 

*■  Burke  smokeless  furnace 1,000.00 

5.  Roney  stoker .'    .  1,300.00 

8-  Murphy  furnace  and  stoker 1,300.00 

7.  Wilkinson  stoker 1,200.00 
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2.  A  moderate  amount  of  superheat  produces  a  large  increase  in 
olume,  the  pressure  remaining  constant,  and  diminishes  the  weight 
i  steam  per  stroke  for  a  given  amount  of  work.    For  example,  the 
rolume  of  one  pound  of  saturated  steam  at  165  pounds  pressure  (abso- 
lute) is  2.75  cubic  feet,  and  its  temperature  is  366  degrees  F.    The  total 
heat  of  one  pound  of  this  steam  above  the  freezing  point  is  1195  B.t.u. 
By  adding  108  B.t.u.  in  the  form  of  superheat  its  temperature  will 
be  increased  to  565.8  degrees  F.  (superheated  200  ftegrees  F.)  and  its 
volume  to  3.68  cubic  feet  (specific  heat  taken  as  0.54).     Thus  an  increase 
of  9  per  cent  in  the  heat  effects  an  increase  of  34  per  cent  in  the  volume, 
which  means  a  corresponding  reduction  in  the  weight  of  steam  admitted 
to  the  engine  per  stroke.    These  figures  are  purely  theoretical,  as  no 
allowances  have  been  made  for  condensation  of  the  saturated  steam 
or  for  reduction  in  temperature  of  the  superheated  steam. 

3.  Superheated  steam  has  a  much  lower  thermal  conductivity  than 
saturated  steam,  and,  therefore,  less  heat  is  absorbed  per  unit  of  time  by 
the  cylinder  walls.  With  superheat  smaller  steam  pipes  may  be  used 
or  a  greater  amount  of  power  transmitted  in  a  pipe  of  given  size.  By 
using  high  pressure  and  high  superheat  and  then  by  lowering  the  pres- 
sure with  reducing  valves  at  the  end  of  the  line  it  is  possible  to  transmit 
ateam  10,000  feet  or  more  without  serious  heat  losses. 

117.  Economy  of  Superheat.  —  Many  comparative  tests  of  engines 
using  saturated  and  superheated  steam  under  varying  conditions  of 
pressure  and  temperature  have  been  made  during  the  past  few  years, 
showing  in  all  cases  a  gain  in  favor  of  superheat  due  to  the  reduction  in 
steam  consumption.  In  the  majority  of  superheated  steam  installa- 
tions the  ultimate  gain  is  a  substantial  one,  but  in  some  cases  the  extra 
investment  and  cost  of  maintenance  neutralize  the  reduction  in  steam 
consumption,  resulting  in  an  actual  loss  when  measured  in  dollars  and 
cents  per  horse-power  hour. 

As  far  as  steam  consumption  per  horse-power  hour  is  concerned, 
superheating  usually  increases  the  economy  from  5  to  15  per  cent  and 
in  some  instances  as  much  as  40,  the  latter  figure  referring  to  the  more 
wasteful  types  of  engines.  A  fair  estimate  of  the  average  reduction 
in  steam  consumption  per  horse-power  hour  with  moderate  superheat- 
ing, that  is,  from  100  to  125  degrees  F.,  based  on  continuous  operation 
of  existing  plants,  is: 

Per  Cent. 

1.  Slow  running,  full  stroke,  or  throttling  engines,  including  direct 

acting  pumps 40 

2.  Simple  engines,  non-condensing,  with  medium  piston  speed,  includ- 

ing compound  direct  acting  pumps 20 

3.  Compound  condensing  Corliss  engines 10 . 

4.  Triple-expansion  engines 0 
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European  builders  guarantee  steam  consumption  with  highly  super* 
heated  steam  as  follows: 

Pounds  per 
i.h.p.  hour. 

Single-cylinder  condensing  engines  (uniflow) 8.5 

Single-cylinder  non-condensing  engines  (uniflow) 12.0 

Compound  condensing  engines  (locomobile) \  8.0 

Compound  non-condensing  engines  (locomobile) 10.5 

The  best  recorded  steam  consumption  at  this  writing  (June,  1912)  is 
that  of  a  locomobile  compound  using  steam  superheated  to  806  degrees 
F.  at  an  initial  pressure  of  220  pounds  absolute.     When  exhausting 
against  an  absolute  back  pressure  of  1 .32  pounds  the  steam  consumption 
was  0.95  pounds  per  i.h.p.  hour.     (Zeit.  des  Ver.  deut.  Ingr.,  Mar.  18, 
1911,  p.  415.) 

In  comparing  the  performances  of  engines  using  saturated  and 
superheated  steam  it  is  advisable  to  base  all  results  on  the  heat  con- 
sumed per  horse  power  rather  than  on  the  steam  consumption,  since 
the  latter  is  apt  to  give  a  false  idea  of  the  relative  economies.  The 
real  measure  of  economy  is  the  cost  of  producing  power,  taking  into 
consideration  all  charges,  fixed  and  operating,  and  the  next  best  is 
the  coal  consumption  per  i.h.p.  hour,  but  as  a  means  of  comparing  the 
engines  only,  the  heat  consumption  per  horse  power  per  hour  or  per 
minute  is  very  satisfactory.     (See  paragraph  180.) 

See  paragraph  208  for  the  influence  of  superheat  on  the  economy  of 
reciprocating  engines  and  paragraph  235  for  the  influence  on  steam 
turbines. 

118.  Limit  of  Superheat.  —  In  this  country  steam  temperatures  ex- 
ceeding 500  degrees  F.  are  seldom  employed,  while  in  Europe  few  if 
any  plants  are  installed  without  superheaters,  and  600  degrees  F.  is  a 
common  temperature  with  a  maximum  of  alxnit  850  degrees  F. 

Kxpericnee  has  shown  that  with  engines  of  ordinary  design,  slide- 
valve>  and  Corliss,  the  temperature  at  the  throttle  should  not  exceed 
f>oo  lirirnvs  F.  This  corresponds  to  a  superheat  of  160  degrees  F.  with 
<;<  :i::»  m  100  pounds  gauge  pressure,  and  130  degrees  F.  at  150  pounds. 
Ti:>  .ii-LTei-  of  superheat  insures  practically  dry  steam  at  cut-off  in  the 

■*!«.  :■  u:::'i»'  iif  engines     Just  how  far  superheating  can  be  carried  with 

giv-. :.  ■  i.'S\:\r  of  urdiriary  construction  can  be  determined  by  expert- 
.  ::  :.  :■.■::. pt-raiurr  kA  MM)  degrees  F.  is  probably  an  outside 
g::--  :.:.■:  4"*' ■  •>•  -::••>  F.  a  good  average.  Higher  temperatures  are 
:.;  :  *■  '.-.:•  ::--V'  w\:\.  ■■.:":-ric::tio!i  and  sometimes  cause  warping  of  .the 
v:."\:  -  YV;::.  :-■::. v..  ::.;;:-.  -^  :-i].»w  i">0  degrers  F.  no  difficulties  are 
xK  :::.:. ri'.y  v..-.:  v\\:\\.  M"::i'.::.«-  p:<'-kimr  has  Seen  found  to  give  the 
i  i  -:  r».  <:'.>  :■•:  "■•■■::.  :■>:":.  r-ni-  -ayA  valve  stems.     For  highly  .super- 
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ated  steam  "labyrinth"  packing  is  used  in  place  of  the  ordinary 
xible  metallic  packing. 

It  is  generally  assumed  that  a  greater  quantity  of  oil  is  required  for 
tbricating  valves  and  cylinders  in  connection  with  superheated  steam, 
ut  experience  seems  to  show  that  such  is  not  the  case.  (Proc.  A.S.M.E., 
4ay  14,  1908.)  Forced-feed  lubricators  are  the  most  satisfactory  for 
superheated  steam  engines,  since  they  insure  a  positive  and  copious 
bw  of  oil  directly  to  the  valves  or  other  parts  requiring  it.  (Effect 
of  Superheated  Steam  on  Cylinder  Oils.  Mech.  Engr.,  Lond.,  July  31, 
1906,  p.  115.) 

With  highly  superheated  steam  involving  temperatures  of  600 
degrees  F.  or  more  the  poppet-valve  type  of  engine  (Figs.  220,  221)  is 
ordinarily  employed,  though  balanced  piston  valves  are  not  uncommon. 
The  poppet  valve  is  not  distorted  by  heat  and  requires  no  lubrication. 
In  Europe  these  engines  have  been  brought  to  a  high  state  of  efficiency, 
but  have  tiot  been  generally  adopted  in  this  country. 

111.  Properties  of  Superheated  Steam.  —  The  laws  governing  super- 
heated vapors,  like  those  governing  saturated  vapors,  are  not  rational 
tod  deducible  from  a  few  fundamental  experiments,  but  are  more  or 
lew  empirical  in  character.  However,  although  the  numerical  values 
rf  the  various  quantities  are  based  on  the  results  of  experiments,  they 
sennit  of  accurate  mathematical  formulation.  Thus  the  following 
qaations,  derived  by  Prof.  Goodenough  ("  Principles  of  Thermodynam- 
ic" 1911)  and  based  upon  the  experiments  of  Knoblauch,  Jakob,  and 
inde,  give  results  which  agree  substantially  with  standard  super- 
eated  steam  tables. 

T  =  absolute  temperature  of  the  superheated  steam,  degrees  F. 

p  =  absolute  steam  pressure,  pounds  per  square  inch. 

X  =  total  heat,  B.t.u.  per  pound. 

u  =  intrinsic  energy,  B.t.u.  per  pound. 

i  =  entropy. 

p  »  true  specific  heat. 

7  =*  specific  volume,  cubic  feet  per  pound. 

i  =  T  (0.367  +  0.00005  T)  -  p  (1  +  0.0003  p)  ^ 

—  0.0163?  +  886.7,  (39) 

in  which  log  C  =  13.72511. 

=  T  (0.2566  +  0.00005  T)  -  ^|-  (1  +  0.00024  p)  +  886.7,  (40) 

in  which  log  C  =  13.64593. 


=r   -    '../'•1-.  (41) 


—  :  Kf.  43i 


n— ~  -_>r  :.'_:-yji£  simple 
jut-   vi_,::i  zit-e^  result?  suf- 

(44) 


.-■-—.       -       -._i-.   ■-■  •!"•  :rj.;:ing  the  total 
.  ..    •   _  -__-     :  -_-  ^  .r^riitritol  steam  and 

J~*  -•  ■       '    -  _"  *-  7'.--' 

■  —■".-"■:. j      r  "  !-:-2is    ire   most  con- 

-  .  ■  •  .     ■■.-"■  i2:  :-":.Le<  and  diagram*. 

.."_■!  I "  j  ■      "..■■-.  -r-.-ino  heats  and  tho^c 

.    /      ■•    v      ■•-.■■  .'-     :"   -  .;  •  r":.- ::*»«i  steam  for  all  pre*- 

v.  ''.*.'.* ■•:.*  .:    :  :_;  ■         '.\'  '        ■■-.:  ::.  practice.     These  curves 

"    *    .■  ■  :.   :':■..';.  '#,■■:  :.i  ,:•:. '-.     Pr!:.  ■!:>!■  -  ■  •:  ThtTmodvnamics,'' 1911. 

■..■■•i   ■:•   ;i.»'r»i'», .  fusr"  :•■'■  ,.r.:**- •.:.  1:1  ■:.•;-'•  fuJiml  in  Marks  and  Davis' 

I  i  '     '. I'.l; i'  /  *  1 1 .1 :' f.i in  for  .-'iiHTh'-ati-d  and  saturated  steam  is  repro- 

■  I'l-i'l  .'N'l  'I'    'iilx'l  in  Appendix  1.. 

I    /'•  ■  «     <••!!  mi  I'litniii   Tin  mml  I'/njii  r-'n     at  Sittim:    Prof.  G.  A.  Goodcnough, 
I. ..11      \        M   I        \|.nl.    I'll  » 

.'  /.  ■  .-■    ■'.      .......  ../.,.i/         1 1'      II     Suiilli.    I   iis-iiii-i-i.    hir.   22,   1911. 

■       /      ■■        ■•'    ■•■■    s'-'/"  •'■■■■■"     ^     Mwt-l-liaiiM-i'-.-Drry,  Power,  July  23, 
1  » 1  ■    1     1  in 

■»■■'■■     >  -■  ■    •    /»   ^  ,■   -       Dr.  II.  N.  Davis 

I  Vim       \.    ,   !,     ..\     ."      \M        m. I      mIi-11.  .-.    \«'l      I   »,    p.   ".Yi".',    I1*'.** 

1 'ii     sii|irihrnri-.  »:■.■».■:!».■  it  it*   .i:v    mamifai-t  u:vd   by  prart^ 

...-■.■;..       ■...:■    ,  ■.•  -:-  ..■;  vv  !^::,-r  l-:Ui:  nnhoiJi,.,/   * 


SUPERHEATED  STEAM;  SUPERHEATERS  195 


m 

L 

\ 

1. 

1:1. 

Ul 

\\\ 

JVW 

rrrt 

"" 

A- 

.. 

- 

HI 

1 

%x%- 

\\  x, 

~ 

1 

\  \  \\ 

\iN 

S       " 

!Sg 

s_ 

\  \   iV  \ 

$■ 

\ 

■»J 

J 

^x^ 

&K^ 

-  N 

H 

Sj^s 

^0z5^0 

M* 

^^ 

Wf  T~P 

111 

Ip 

^^-^^tL-iS^ 

.  i 

n^ 

jy— >—- ■ 

+ 

m 

1 

3^fc 

1  i 

■'■ 

1 

"^ 

- 

_J 

- 

- 

1 

.<■■- 

u 

a 

m 

a 

» 

Bupcrtivut,  De(!.  F. 
Fio.  115.     True  Spccjfir  Iltut  of  Superheated  Steam. 


196  STEAM  POWER  PLANT  ENGINEERING 


M.ai,  Specific  II,.;.l  iif  Suprrheatpd  Steam. 


SUPERHEATED  STEAM;  SUPERHEATERS 


197 


3 


ffl 


1 


z  * 


o 
o 

CO 

t-  ©too©  ^h 

^H  ^41  ^gi  ^fi  ^(< 

t>»  !>•  00  00  00 

^4  ^(4  ^4  ^4  ^ff 

NiOOOO^ 
OOmmN 

^4 15  toioto 

o  to  o  to  o 

CM  CO  ^  ^  to 

to  to  to  to  to 

o 
to 

«O»0  00H 
iO<D<D<ON 
^jl  ^C  ^"  ^C  ^B* 

IO00  t-H  C0O> 
t**  t**  00  GO  00 
^4  ^4  ^(4  ^Jt  ^Jl 

QOHdeO 

toioiotoio 

NCOOiOH 

co  ^*  ^*  to  co 
IO  to  to  to  to 

to 

CI 
CI 

■C«(OCON 

N  Soooo  o> 

^(4  ^4  ^Jt  ^4  <(J4 

NNOOOttS 
O  ^  CN  CM  CO 

«o  to  >o  *o  *o 

CM  t^>  tO  «-•  00 

^4  <*4  IO  O  CO 

to  *o  to  to  to 

o 
o 
CI 

^t  *<n  ^(t  ^(4  *4|4 

COO)  CM  tO  ~-« 

NS00  00  O) 

^^p    ^J^    ^I(P     ^^p    ^^p 

^4lO^«C0-H 
O  »h  CN  CO^* 

to  to  »o  »o  »o 

00  CO  CM  O)  CO 

^»  to  co  co»>- 
to  to  to  to  to 

19 

too*  -*  oocm 

U}>0<0(ON 

^*    ^»*    *V    *V    ^J* 

O  O  CO  CO  CO 

N  00  00  GO  Oi 

^4  ^(4  ^(J4  ^4  ^4 

CO  00  CM  0)00 

O  ^  CO  CO  ^« 

to  >o  to  >o  >o  ' 

CO  CM  O  00  CO 

to  co  r*  r*  oo 
tO  to  to  to  to 

O 
tO 

COOi^OiCM 
tO  tO  CD  CO  t» 
^4  ^Jt  ^(4  ^4  <<|4 

CO  O  ^  t*  ^ 

t-  OOQOOOO 

^J4  ^(4  ^(4  ^4  ^4 

O)  CN  -^  >^»  IO 
ONW^iO 
to  to  tO  iO  iO 

CO  CO  CM  OO) 

(ONOOOO 

to  to  to  to  to 

o 

COO^O)CM 
^4  •*  ^4  <«  •* 

t^  ^  -^  00  lO 

t*»  oo  oo  00  oa 

^(4  ^(J4  ^4  ^(4  ^4 

»-i  ^  r-  i>-  oo 

»-4  CM  CO  **  »0 

to  >o  to  >o  to 

oo  oo  t»  co  to 

(ON  OO  0)0 
to  to  tO  tO  CO 

o 

CO 

^t  *<|4  ^J4  ^4  ^4 

Nf-4l0  00(0 

NW00  00O) 

^(4  ^4  ^Jl  ^4  ^Jl 

CM  CO  O)  O  CM 
»-4  CM  CO  »0  CO 

to  to  >o  to  to 

CM  CO  CO  CM  CM 

NOOOOih 
to  to  to  CO  CO 

• 

o 

CI 

tO  O)  ^  O)  CO 

^^P    ^^P   ^^"    ^^P    ^^P 

NhiOOJO 

i>»  oo  oo  oo  O) 

^J4  ^4  ^4  ^4  ^4 

CO  00  CM  ^<  CO 
»h  CM  "^  IO  CO 

to  to  to  to  tO 

00  0)0)Oh 
t«  OO  O)  «-^  CM 
to  IO  tO  CO  CO 

00 

•8 

o 

1-4 

^4 

tO  O  **  oco 

iOiO(0(ON 
^*  ^B*  ^*  'i'  *4l* 

r^  c*  <o  oi  i^« 

^^»¥    ^^<l^    ^^iP     ^^1^    ^^iP 

tO  »h  »O00  CM 
»-•  CO  ^  »o  t» 

to  to  >o  to  >o 

•<*  toco  o  o 

00  O)  O  CM  CO 
to  to  CO  CO  CO 

o 
o 

to  o)  ^i*  O)  CO 

U)iOO(ON 

^4  ^4  ^Jl  ^4  ^4 

NNOOQO 

NOOOOOO 

^Jl    ^^(    ^^p    ^^p    ^^p 

i—  ^  oo  cm  r^ 

—>  CO  ^  CO  l>- 

to  >o  to  >o  to 

O  co  tO  O)  ^ 

O)  O  »"«  CM  ^ 
to  CO  CO  CO  CO 

l 

o 

to  o)  ^  0}  CO 
to  to  co  co  r» 
^l*  ^J*  ^*  ^l*  ^j* 

00  CO  CO  o  o 

!>•  00  00  0>0) 

^^t    ^^p     ^^p    ^(P     ^^p 

0)t^  CM  CO  CM 
*^  CO  to  CO  00 

to  to  to  to  >o 

CO  »-4  -^  00  CM 
O)  y*  CM  CO  to 
tO  CO  CO  CO  CO 

^j 

o 

00 

10  0)^0)^* 

^4  ^4  ^4  ^j4  ^J4 

ooeor^HO 
l>»  00  00  0)0 
**  <*4  <*  <*  lO 

^OOdO) 
CM  **  to  t^.  00 

to  >o  to  to  to 

io  o  to  o  «o 

Q  CM  CO  to  CO 

*E^j  C^3  C^3  C^3  C^3 

o 

^J*  O)  ^*  OJ  ^* 
^J*  ^§1  ^4  "^4  ^ff 

OOrtNi-lrt 
t-  OOOOO)  o 

<(J4  ^4  <(J4  ^J4  id 

MWQO)N 
CM  ^  CO  t»  0> 

to  to  tO  to  to 

^*  ^H  00  ^*  CO 

_4  CO  ^  CO  oo 
t^p  ff\  ff\  (0  (0 

o 

co 

■^O^O"* 

^4  ^4  ^|4  ^4  ^4 

O*  CO  00  <N  CO 

N00  00  0>0 

«*4  •*»«  •*»«  «*4  lO 

to  CO  to  to  IO 
CM  ^  CO  00  O 
to  to  to  to  CO 

CO  CO  CO  »H  CM 
CM  ^4  CO  CO  o 

co  co  co  co  r» 

o 

^O^O"** 

IO  <D  (O  N  N 

^c  ^j*  ^*  ^*  ^* 

0>^  OOCN  ^»* 

NOOOOOO 

^4  -^4  -^4  ^4  tO 

00  OOCM  ** 
CM  "ON  O)  »^ 
to  to  to  to  CO 

^OGOO-* 
CO  to  I>-  O  CM 
CO  CO  CO  !>■  t^o 

o 

CO  o  to  o  to 

tOOONN 

^C  ^4  "CJ4  ^4  ^Jl 

o>  ^  O)  CO  CO 

l*«»  OO  00  O)  o 

^4  ^4  ^4  <^4  tO 

©CM  to  t*-  CM 

CO  tO  I>-  O  CM 
•o  tO  tO  to  CO 

tO  CM  tO  CM  O 
^  l>-  O)  CM  -^ 

totocoNN 

o 
co 

^J4  ^J4  ^J4  ^^  ^Jf 

CO  ^*  0>  ^4)*  Is™ 
OO  00  00  O)  o 

^4  ^4  ^f4  ^4  If} 

CO  CO  o  CO  CO 
CO  to  oo  o  CO 
to  to  to  CO  CO 

t»  CO  CM  CO  CO 

lOOO^^N 
«<ONNN 

o 

CI 

CM  O  tO  O  tO 

>Q(OCONN 

O>oo^oo 

00  00  0)0)0 

•*4  ^4  -^4  <^4   tO 

tO  o  to  to  to 

CO  CO  oo  —<  ** 
to  to  to  CO  CO 

to  O  O  O  to 
f»  ^  ^  t>-  o 
CO  l>-  t*  t^.  00 

o 

NO»00«0 
>OtO(ONN 
**•  "■*  "*  ^  -"* 

O>00>0  0) 
GO  X  O)  0)0 
^  "44  ^  "44  tO 

oo  o  o  o 

"^  t>-  O)  CM  CO 

to  >o  to  CO  CO 

O  O  O  O  O 
O)  co  r*  o  to 
co  r*.  *•»  oo  oo 

»h  »o  o  to  o 

r-4  T-«  CM 

»c  o  »o  o  o 

d  CO  CO  "^  »o 

to  o  »o  o  to 

NO<N>ON 

^-»   i-H   »-<   »-4 

o  to  o  to  o 

O  CJ  IO  N  o 
CM  CM  CM  CM  CO 

•i(0ui  aitjnbg  jad  spuuoj  'ojnssojj  9^rt[08qy 

198 


STEAM  POWER  PLANT  ENGINEERING 


CO 


W 
H 


W 
t> 

OQ 
fa 

o 

■J 
o 
> 


w 

OQ 


o 

Ph 


d 

.C 
O 

3 

3 

o 
e 


5 


3 
OQ 


O 

CM 


o 

CO 


o 


ooNeoo  co  o  **  cm  i>-  CMCMt~Oico 

© »- •  o>  *-«  co 

co  •**  co  co  r*  cm  oi  c©  »o  »-«    

oo  ©  to  co  cm  cm  »-•  »^  — « «-•  oo  <o  ^»  ^»  co 

^  ~* 

o  o 

OO  »-« 

to  o 

O  QO 
to  Oi 

_*; 

O  QO 

Oi  ^ 
co  Oi 

■*» 

o  oo 

CM  Oi 

o  <o 

oo  o 

•^  Oi 

O  "<• 
CM  O 

~*  oo 

O  CM 
t©  00 

S00 

O  Oi 
O  <0 

o  oo 
■*» 

Of- 

•^  to 

OiQO 
CO 

o  to 

00  "*« 
00  00 
CO 

O  CO 
i-i  CO 

oo  oo 

CO 

o  ~* 

CO  CM 

t^  O0 

CO 

O  Oi 

©  © 

t>.  00 

CO 

©t» 

^  Oi 
co  h*. 

CO 

O^OO^"    CO  CO  t>-  1>-  O    Oi  CM  CM  CM  O0 

^NOONN 

00  O0  O  00  •— »    <■»•  ^  CM  »■*  Oi     

tO  t>-  "*•  CM  CM    ,-i  ^  ,~i  ,~i       CO  **  CO  CO  CM 

CO 

O  CM  CO  CO  O    ^^i«iOO>    OU)(ON^ 

^©NriN 

Nt^ONM    N^N«h(J0     

tO  t^  "*<  CM  CM    ^^—.,~i       CO  **  CO  CO  CM 
CO 

©  o>  h~  — « t>.   oo  cm  co  ^  oo   oooo— «os 

OiON«h« 

»C»0  0>NO         CO^CM^hqo  

^  t^  CO  CM  CM         ^*^h^h^  CO  **  CO  CO  CM 

CO 

OCONI*  ©0>-iNN  rtH^fflifl 

Oi  to  CO  O  CO 

Oi  ^  Oi  CO  O  CO  ^  CM  •-«  00     

CO  h*.  CO  CM  CM  ^h  —.  —.  — «  tO  ^  CO  CO  CM 

co    

©cotco^       co  h*.  oi  to  to       »^  co  oo  — «  © 

OO^iOO* 

eoeooccoo       ©co^ooo  

CO  b-  CO  CM  CM    i-"  *-«  i-t  i-t       tO  ^  CO  CO  CM 

CO 

i— «»oo»oo   to  ©  «o  ©  o   to  ©  to  ©  to 

»-«  ^  CM    CMC0C0^»O    NOTION 


~i  00  ' 
CM  00  < 

•     • 

CO  CM  < 


»o 

CM 
CM 

O  O  CM  «0  O 

Oi  »0  Oi  00  ^»* 

<-h  CO  ^tf<  00  CO 
00  Oi  OO  o  o 

t>^  lO  ^i  ^  CO 

3.12 
2.80 

oo  »-«  cm  to  r* 

CO  ©  tO  CO  CM 

CM  *— •  t-^  •-•  »-• 

o 
o 

CM 

oxn>oco 

WOiC^'H 

CO  OO  t>>  Oi  ^ 

t>^  io  •**<  co  co 

"^  CM  1 
©  l>-  ' 

CO  CM  < 

^  r*»  o  ^f  co 

tO  Oi  to  CO  CM 

<*• 

*—  oo  »o  ^  *-* 

CM    •— •    >-H    >-H    >-H 

to 

O  O0  CM  «0  to 

Oi  ^*  Oi  CO  to 
CO  Oi  ^f  CO  CM 

N'COOOO 
CM  »—•'—•»—•  »-t 

oo  co  oo  to  ^f 

CO  CO  Ud  00  CO 

i>^  *o  -^  CO  CO 

iO  "*«  < 
Oi  CO  • 

■            • 

CM  CM  < 

© 

•o 

OOONOOO 

**  *-*  t>-  CM  ** 
CM  Oi  **  CO  CM 

f-i  Oi  CO  co  *o 

O  CO  ^  CO  O 

CM  »-«  »-•  «-<  «-< 

|>-  t^  «o  *o  *# 
*-•  ^  -^  t*  CM 

^  ui  ^J  co  co 

CO  l>-  I 

oo  to  < 

CM  CM  < 

o 

OOOhU} 

oo  r*  »o  ^  co 

Oi  •— '  Oi  O  O 
O  •**  CO^  CM 

t^  »o  -^  co  co 

CO  CO  < 

00  to  ( 
CM  CM  ( 

oo  o  r-  cm  ^ 

—  Oi  **  CO  CM 

Oi  tD  ^  CO  O 

rH   M   IH   fH  ^H 

o 
co 

©  •*  •*  f-  CM 

CO  IO  CO  CM  CM 

O  ^  CO  co  to 
O  CO  CO  tO  i-l 

•          •          •          ■          • 

*•»  »o  ^  co  co 

Oi  OI 

r*  to  < 

CM  CM  ( 

CM  Oi  CO  *-*  ^ 
^  OO  ^  CO  CM 

Oi  CO  ^  CO  O 

•-•   H   »-H    •-•   ^H 

© 

CM 

O  CM  O0  CO  Oi 

^**   CO   »H   H   •-• 

*-•  r*  oo  »-i  cm 

Oi  CM  CM  CO  i-t 

•          •           ■          ■          • 

tO  kO  ^  CO  CO 

CO  t-  • 
CM*  CM  i 

<o  00  to  «-•  CO 
O  OO  ^  CO  CM 

Oi  to  -^  CO  O 

»— 1    1— (    F-<    ^H    .—» 

o 

1— • 

O  Oi  CM  Oi  CO 

HH05  00 

CM  «~i  CM  tO  00 
00  CM  CM  lO  © 

•           •           •           •           • 

to  lO  ^f  CO  CO 

CM  CO  • 

CM  CM  ( 

©  CO  to  O  CO 
O  OO  ^  CO  CM 

Oi  to  CO  CM  Oft 

v*  t-*   —4   fH 

o 
o 

ONCOUJCO 

O0  Oi  **■  t'"  00 

CO  ^*  1*-  *—*  ^ 

NhhiOO 

to  »o  ^  CO  CO 

OO  © 
CO  "^  • 

CM  CM  < 

Oi  OO  **  CO  CM 
CO 

00  kO  CO  CM  Oft 

1-4  »"H   »— t   fH 

O  iO  O  O  Oft 

to  r«  to  to  t» 

•          •           ■           •          • 

to  to  ^  CO  CO 

to  CO  • 
CM  CM  I 

o 

Oft 

00  ^  ^  O  CM 
00  00  "*  CO  CM 
CO 

00  U0  CO  CM  Oi 

*-4  F-4   f-^   F-4 

©  CO  •*•  CO  CO 

^»  IO  ^t  ^t  to 

•O  O  CO  CM  CO 
tO  O©  ^  Oi 

CO  to  ^  CO  CM 

•-*  CO  ' 
to  CO  • 

CM  CM  i 

o 

i-i  CO  CO  Oi  CM 
00  00  **  CM  CM 
CO 

00  »0  CO  CM  Oi 

•— •   w*    fH   f^ 

o 

O  «-•  00  CM  CO 

CO  CM  CM  Oi  CM 
t^  O0  ^  CM  CM 

CO 

i-h  CM  CM  CM  "^ 

00  lO  CO  CM  Oi 

»-H    *"H    ^-«    F^ 

CO  CO  ©  l>-  »-i 
^  Oi  ©  CO  Oi 

•          •           •           •           • 

CO  ^  ^  CO  CM 

f»  ©  ( 

to  co  i 

CM  CM  i 

O  Oi  CM  O0  O 

»OOh« 

t^  CO  •*«  CM  t>- 

CO  O0  Oi  CO  OO 

CO  •*«  CO  CO  CM 

CO  CO  i 
tO  CM  i 

CM  CM  < 

o 

CD 

O  O  CM  O0  CM 
t>.  00  **  CM  CM 

CO 

O  l»  »C  "^  t^ 

CO  00  Oi  Oi  CM 

OO  Oi  00  Is**  CO 
CM  t^»  O0  CM  OO 

CO  ^  CO  CO  CM 

Oi  CO  « 
**  CM  « 

CM  CM  < 

O 

»o 

"^  Oi  »-•  00  ~* 
co  r^.  ^  cm  cm 

CO 

*"H    H    F^    l-H 

tO  Oi  i 


CM  CM 


~4    IO  I 

CM  CM 


I>-  CM 

CO  T1 

CM  CM 


CO  Oi  i 
CO  ©  i 

CM  CM 


Oi  to  i 
CM  O 

CM  CM 


O  to 
©  CM  i 
CM  CM 


"ipuj  aitmbcj  jod  spunoj  'ajnssAij  9%\\\o 


SUPERHEATED  STEAM;  SUPERHEATERS       199 

be  independently  fired  or  placed  in  the  boiler  setting.  In  the  latter 
arrangement  the  superheater  may  be  located  between  the  furnace  and 
the  heating  surface,  as  in  Fig.  49,  at  the  end  of  the  heating  surface,  as 
in  fig.  125,  or  at  some  intermediate  point,  as  in  Figs.  119  and  121. 
Since  the  absorption  of  heat  depends  chiefly  upon  the  average  tem- 
perature difference  between  the  gases  and  the  steam  and  the  extent  of 
superheating  surface,  the  required,  degree  of  superheat  may  be  ob- 
tained from  a  small  extent  of  heating  surface  in  the  furnace,  a  large 
amount  in  the  rear  of  the  heating  surface  or  a  proportionate  amount  in 
intermediate  locations.  In  a  general  sense  the  sum  of  the  boiler  heat- 
ing surface  and  superheating  surface  per  boiler  horse  power  is  prac- 
tically the  same  for  any  degree  of  superheat.  The  cost  of  a  super- 
heated steam  boiler  is  approximately  equal  to  that  of  a  saturated  steam 
boiler  since  the  superheated  plant  has  less  steam  to  generate.  The 
requirements  of  a  successful  superheater  are: 

1.  Security  of  operation,  or  minimum  danger  of  overheating. 

2.  Economical  use  of  heat  applied. 

3.  Provision  for  free  expansion. 

4.  Disposition  so  that  it  may  be  cut  out  without  interfering  with 
&©  operation  of  the  plant. 

*>•   Provision  for  keeping  tubes  free  from  soot  and  scale. 

Superheaters  may  be  separately  fired  or  indirectly  fired.    The  advan- 
tages of  the  separately  fired  superheater  are: 

1-   The  degree  of  superheat  may  be  varied  independently  of  the  per- 
formance of  the  boiler. 

2.  It  may  be  placed  at  any  desired  point. 

3.  Repairs  are  readily  made  without  shutting  down  the  boiler. 

Some  of  the  disadvantages  are: 

!•    It  requires  separate  attention. 

2.  Saturated  steam  only  can  be  furnished  to  the  prime  movers  in 
case  of  a  breakdown  to  the  superheater. 

3.  Extra  piping  is  required. 
*•    Extra  space  is  required. 

The  indirectly  fired  superheater  arranged  in  the  boiler  setting  has 
the  advantage  of: 

1.  Lower  first  cost. 

2.  Higher  operating  efficiency. 

3.  Minimum  attention. 

k       4.  Minimum  space  requirements. 
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As  ordinarily  installed  the  indirectly  fired  superheater  is  subject 
the  fluctuating  temperatures  of  the  furnace  so  that  forcing  the  boil 
has  a  similar  effect  on  the  superheater.  In  some  cases  the  superheat 
adjusts  itself  automatically  to  the  load  requirements  maintaining 
constant  degree  of  superheat  at  all  loads,  but  in  most  cases  the  degi 
of  superheat  increases  with  the  load,  see  Fig.  131. 

Standard  central  station  practice  in  this  country  favors  the  sup 
heater  contained  within  the  boiler  setting. 

121.  Babcock  and  Wilcox  Superheater.  —  Figs.  117  and  118  show 
application  of  superheating  coils  to  a  Babcock  and  Wilcox  boiler  illust 
ing  the  usual  location  of  the  indirectly  fired  type.     The  coils  are  m 


of  2-inch  No.  8  gauge  seamless  steel  tubes  expanded  into  forged  s 
headers,  the  upper  one  receiving  the  saturated  steam  from  the  bo 
and  the  lower  one  the  superheated  steam  after  it  has  traversed 
superheater  tubes.  A  small  pipe  connects  the  lower  manifold  ft 
the  water  space  of  the  boiler  by  means  of  which  the  superheater  n 
be  cut  out  if  desired,  or  flooded  when  starting  up.  Any  steam  foro 
in  the  superheater  tubes  is  returned  into  the  boiler  drum  through 
collecting  pipe,  which,  when  the  superheater  is  at  work,  conveys  s 
united  steam  into  the  upper  manifold.  When  steam  pressure  has  b 
nttained  the  superheater  is  thrown  into  action  by  draining  the  wi 
nwny  fr"">  the  manifolds  and  opening  the  superheater  stop  va 
'|"li«-  t  ulies  are  free  at  one  end  and  the  manifolds  are  not  rigidly  i 


SUPERHEATED  STEAM;  SUPERHEATERS  201 

oected  with  each  other,  thus  avoiding  expansion  strains.  With  the 
proportion  of  superheating  surface  to  boiler  surface  ordinarily  adopted 
the  steam  is  superheated  from  100  to  150  degrees  F. 


Fi«.  118.     Balxwck  und  W 


Sti|M.vh« 


ltt,  Stirling  Superheater.  —  This  superheater  consists  of  two  drums, 
fig-  120,  connected  by  seamless  drawn  tubes  two  inches  in  diameter. 
It  may  take  the  place  of  the  middle  bank  of  tubes  in  the  Stirling  boiler, 
k  shown  in  Fig.  119,  or  be  installed  in  the  final  pass  of  the  gases  in  the 
rack  of  the  boiler.  The  drums  around  the  tubes  are  protected  from 
Nrtense  heat  by  asbestos  cement.  A  pipe  connecting  the  front  drum 
w  tae  boiler  with  the  lower  drum  of  the  superheater  permits  the  coils 
to  be  flooded  in  starting  up  or  when  the  superheater  is  not  needed. 
■  this  case  the  superheater  acts  as  additional  boiler-heating  surface. 
The  upper  drum  is  divided  into  three  and  the  lower  into  two  compart- 
■MDts,  The  tubes  arc  arranged  with  alternately  wide  and  narrow 
Vaeing,  bo  that  any  tube  may  be  removed  without  disturbing  the  rest. 
Hk  flow  of  steam  is  indicated  by  arrows. 

UJ.  Foster  Superheater.  —  Fig.  121  shows  the  application  of  a 
foster  superheater  to  a  Babcock  and  Wilcox  boiler.  This  device  con- 
«to  of  cast-iron  headers  joined  by  a  bank  of  straight  parallel  seamless 
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1     unmi-steel  tubes,  each  tube  being  encased  in  a  series  of  annular  flanges 

placed  close  to  each  other  and  forming  an  external  cast-iron  covering 

•iri'rx-i'.     The  protection  afforded  by  this  externa!  covering  [i 

miijiif  tu  prevent  damage  from  overheating  during  the  process  of  steam 


raiting,  and  Hooding  devices  are  unnecessary.     The  tubes  are  double, 
'lip  inner  lube  serving  to  form  a  thin  annular  space  through  which  the 
«ea  as  indicated.     Caps  are  provided  at  the  end  of  each  ele- 
ment (ur  inspection  and  cleaning  purposes.     Foster  superheaters  are 
BQttDoeUy  than  plain-tube  superheaters,  but  are  longer  lived  and  offer 
■   heating  surface  in  proportion  to  the  space  occupied. 
fig.  12-J  shows  a  Foster  superheater  arranged  for  independent  firing. 
Ilu-  "Schwoerer"  superheater,  which  is  somewhat  similar  in  external 
ce  to  the  Foster,  differs  from  it  considerably  in  detail,  the 
Mating  surface   being  made  up  of  suitable  lengths  of  cast-iron  pipe 
ribbed  outside  eireumferentially  ami  inside  longitudinally.     The  ends 
tlii'  pipea  are  flanged  and  connected  by  east-iron  U-bends.     Tht 
is  to  provide  ample  heating  surface  internally  ai 
apparatus. 
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131.   Heine     Superheater.  —  Fig.     122    shows    the    application    of    t 
Heme  superheater  to  a  Heine  boiler,  illustrating  the  installation  uf  a 
i  i    within  the  boiler  setting  but  entirely  separated  from  the 
main  gas  passages.     The  superheater  consists  essentially  of  a  number 
uf  lj-inch  seamless  steel  tubes,  bent  to  U-shape  and  expanded  into  a 
a  uf  the  same  type  of  construction  as  the  standard  Heine 
bails  water  leg.     The  interior  of  this  box  is  divided  into  three  compart- 
light  sheet-iron  diaphragms,  so  as  to  deflect  the  current  of 
irough  the  tubes.    The  superheater  chamber  is  located  above 
the  steam  drum  as  indicated.     The.  gases  of  combustion  are  led  to  the 
s:[Hrlu\iter  chamber  through  a  small  flue  built  in  the  side  walls  of 
i!i'.  setting.     A  damper  placed  at  the  outlet  of  the  flue  controls  the 
ses  and   regulates  the  degree  of  superheat.     No  provision 
rv  for  flooding  the  superheating  coils  since  the  gases  may 
be  entirely  diverted  from   the   heating  surface.     Soot  accumulations 
BR  readily  removed  by  introducing  a  soot  blower  through  the  hollow 
stay  bolts.  -•» 

13i.  Independently   Fired    Superheaters.  —  The  Schmidt  superheater, 

Fig.  lij,  consists  of  two  nests  of  coils,  A  and  D,  of  equal  size  ami  dunen- 

aeetcd  to  cast-iron  headers  0  and  /.     Saturated  steam  enters 

Sbefiral  aest  of  coils  through  C  and  passes  into  header  0.     From  0  the 

stouii,  which   is  now   dried,   and  partly  superheated,   flows  through 

iron  pipe  E  to  header  /,  and  thence  through  the  second  nest 

of  coils  into  header  adjoiniug  0,  and  through  pipe  It  to  the  engine. 

!:i  chamber  I)  the  steam  and  gases  flow  on  the  counter-current  and  in 

chamber  -1  on  the  concurrent  principle.     This  combination  permits  of 

I  Imi  line  temperature  and  high  steam  temperature  without  subjecting 

Ike  tubes  to  an  excess  uf  heat  as  would  be  the  case  if  the  steam  left  the 

i  header  /,  where  the  furnace  guses  are  the  hottest.     A  steam 

temperature  of  750  degrees  !■'.  and  a  Hue  temperature  of  450  degrees  F. 

iff  easily  maintained  with  this  apparatus.     A  mercury  pyrometer  T 

is  fitted  where  the  superheated  steam  enters  the  discharge  pipe  R. 

A  thermometer  cup  L  permits  of  checking  the  pyrometer  by  means  of 

n-GUed  thermometer.     Each  coil  can  be  taken  out  separately 

and  a  new  one  pu1  in  without  removing  the  others  or  dismantling  the 

plant.     Water    produced    by    condensation    while    the    superheater    is 

inoperative  collects  in  the  bottom   header  N  and  escapes  through 

■  ■!._  If  the  steam  supply  should  be  suddenly  shut  off,  the  air 
door  P  is  opened  automatically  by  weight  A'.  As  soon  as  steam  I 
to  Mow  it  raises  the  weight  through  the  opening  of  valve  C  and  the 
door  closes.  The  Schmidl  superheater  when  arranged  in  the  flue  has 
practically  the  same  construction  as  the  independently  fired. 
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Fig.  125  shows  a  combination  of  Schmidt  superheater, 
and  feed-water  heater  which  finds  much  favor  with  engineers  on  the 
continent. 


136.  Luckenbach  Superheater.  —  Fig.  126  shows  a  section  through  a 
Luckcubach  superheater  illustrating  an  extremely  simple  and  effective 
device  for  superheating  small  quantities  of  steam  up  to  very  high 
temperatures.  It  consists  essentially  of  a  single  coil  of  extra  heavy 
l!-mch  steel  pipe  imbedded  within  the  walls  of  a  cylindrical  casting. 
The  coil  is  not  welded  to  the  casting  but  is  free  to  expand  and  contract 
independently.  The  furnace  illustrated  in  Fig.  126  is  designed  for 
hard  coal  or  coke.  The  apparatus  is  compact  and  durable  and  no 
provision  is  necessary  fur  flooding  the  coils.  The  steam  supply  may  be 
cut  off  entirely  with  a  furnace  full  of  incandescent  fuel  without  burning 
out  the  coils.  The  following  results  were  obtained  from  capacity  tests 
nf  a  Luckenhacli  superheater  30  inches  in  diameter  by  20  inches  in 
height,  ii"  installed  in  the  Mechanical  Engineering  Laboratory  of  the 
Armour  Institute  of  Technology. 
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CAPACITY  TEST  OF  A  30-INCH  LUCKENBACH  SUPERHEATER. 

al  feet  of  superheater  coil 28  feet. 

rnal  heating  surface  of  furnace  walls 7.5  square  feet. 

£  area 1.5  square  feet. 


enures,  Lbs. 
la.  Qauga. 

Moisture 
in  Steam 
Entering 
Superheater, 
PerCent. 

Steam  Temperatures, 
Degrees  F. 

Weight  of 

Steam 

Flowing, 

Lbs.  per 

Hr. 

Leaving 
Super- 
heater. 

Entering 
Super- 
heater. 

Leaving 
Super- 
heater. 

Degrees  of 
Super- 
heat. 

40 

0.9 

298 

587 

300 

739.6 

45 

0.9 

298 

618 

325 

678.5 

46 

1.0 

298 

648 

354 

585.4 

46.5 

1.1 

298 

700 

406 

505.5 

47 

2.3 

298 

760 

465 

371.0 

47.5 

1.4 

298 

790 

495 

341.0 

67 

0.7 

316 

803 

490 

359.0 

66 

1.6 

316 

705 

392 

484.0 

Weight  of 
Coke 
Fired, 

Lbs.  per 
Hr 


17.7 
17.1 
17.1 
17.6 
17.6 
17.7 
17.7 
♦10.2 


r  wide  open  throughout  all  tests,  no  attempt  being  made  to  obtain  high  furnace  efficiency. 
my  test,  damper  throttled. 

[aterUls  used  In  Construction  of 
iters.  —  Most  superheaters  are 
ted  either  of  wrought  iron,  mild 
st  iron,  or  cast  steel,  the  latter 

having  the  advantage  of  not 
imaged  by  any  temperature  to 
is  likely  to  be  subjected,  which 
iy  with  the  necessity  of  damper 
jms  and  simplifies  the  installation, 
her  hand,  cast-metal  superheaters 
Uy  ribbed  after  the  fashion  of  an 
i  gas  engine,  and  are,  therefore, 
vy  and  thick  walled,  necessitating 
temperature  for  the  same  useful 
in  in  the  case  of  the  wrought- 
truction,  but  have  the  advantage 
lizing  fluctuation  of  steam  tem- 
which  would  otherwise  be  caused 
de  variation  in  temperature  of 

One  of  the  most  successful  cast- 
aters  is  of  European  design  and    Section  through  Luckenbach  Inde- 

*  pendently  Fired  Superheater. 

ncted  of  a  special  alloy  known  as 

rer"  iron.  Table  36  gives  the  yearly  cost  of  repairs  to  piping 
»ssary  brickwork  for  a  number  of  installations  equipped  with 
al  superheaters  of  the  "Schwoerer"  type. 


Fiq.  126. 
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i 

gU 
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1 

A 

' 

1       |  I 

Wrought  iron  and  mild  steel  offer  the  advantage  of  lightn 
construction,  and  low  first  cost,  but  cannot  be  exposed  to 
temperatures  without  injury,  and  consequently  provision  mu 
for  diverting  the  direction  of  the  heated  gases  or  for  floodii: 
while  the  boiler  is  being  warmed  before  steam  is  generated. 
The  effect  of  temp 
superheater  materials  i 
Fig.  127.  It  will  be  se 
tensile  strength  drop 
rapidly  for  temperatu 
650  degrees  F.  Beca 
rapid  decrease  in  tensi 
of  materials  with  the 
temperature,  steam 
superheated  to  tei 
above  850' degrees  F. 

For  further  inform 
taming  to  the  effect  g 
a  strength  ture  on  various  meta 
"The  Effect  of  High 
tures  on  the  Physical  Properties  of  Some  Metals  and  Ail 
Valve  World,  Jan.,  1913,  published  by  the  Crane  Co.,  Chica 
Ordinary  cast-iron  valves  and  fittings  have  shown  pen: 
crease  in  dimensions  under  high  superheat  and  in  numerous 
have  failed  altogether,  but  sufficient  data  are  not  available 
conclusively  the  unreliability  of  cast  iron  if  the  iron  mixture 
compounded  and  the  necessary  provision  is  made  for  exps 
contraction.  Authorities  are  of  the  opinion  that  the  failu 
iron  fittings  is  due  more  to  fluctuations  in  temperature  tl 
actual  high  temperature  itself  and  cite  numerous  cases  wher 
cast-iron  fittings  under  uniform  temperature  conditions  are  g 
faction  with  highly  superheated  steam.  Notwithstanding 
that  cast  iron  properly  compounded  is  a  perfectly  reliable 
fittings,  engineers  are  inclined  to  use  cast  or  forged  steel, 
this  country.  See  "Effect  of  Superheated  Steam  on  Cast 
Steel, "  Trans.  A.S.M.E.,  Vol.  31,  1909,  p.  989. 

128.  Extent  of  Superheating  Surface.  —  The  required  exten 
heating  surface  for  any  proposed  installation  depends  upo 
degree  of  superheat  to  !>e  maintained;  (2)  the  velocity  of 
and  gases  through  the  superheater;  (3)  the  character  of 
heater;  (4)  the  weight  of  steam  to  be  superheated;  (5)  th 
in  the  wet  steam;   (6)  the  temperature  of  the  gases  entering 
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ing  the  superheater;  (7)  the  conductivity  of  the  material,  and  (8)  cle* 
liness  of  the  tubes. 

Since  the  heat  absorbed  by  the  steam  in  the  superheater  is  equal 
that  given  up  by  the  products  of  combustion,  neglecting  radiation,  tl 
relationship  may  be  expressed 

SUd  =  Wcih-k),  (4 

in  which 

S  =  square  feet  of  superheating  surface  per  boiler  horse  power, 

U  =  coefficient  of  heat  transmission,  B.t.u.  per  hour  per  degri 

difference  in  temperature, 
d  =  mean  temperature  difference  between  the  steam  and  heatc 

gaseSj  degrees  F., 
W  =  weight  of  gases  passing  through  the  superheater  per  boile 

horse-power  hour, 
c  =  mean  specific  heat  of  the  gases, 

h  =  temperature  of  the  gases  entering  superheater,  degrees  F., 
U  =  temperature  of  the  gases  leaving  superheater,  degrees  F. 
Transposing  equation  (45), 

s  =  Wc{i\7u).  (4. 

The  heat  transfer  from  the  products  of  combustion  to  the  steam  mc 

also  be  expressed 

SUd  =  wc'{t.-t)f  (4 

in  which 

w  =  weight  of  steam  passing  through  the  superheater,  pounds  p 

boiler-horse-power  hour, 
c'  =  mean  specific  heat  of  the  superheated  steam, 
/,  =  temperature  of  the  superheated  steam,  degrees  F., 
t  =  temperature  of  the  saturated  steam,  degrees  F., 
S,  U,  and  d  as  in  equation  (45). 
For  wrought-iron  or  mild  steel  tubes  U  varies  as  follows: 
( T  =  1  to  3  for  superheaters  located  at  the  end  of  the  heating  surfac 
=  3  to  5  for  superheaters  located  between  the  first  and  secon 

pass  of  water  tube  boilers, 
=  8  to  12  for  superheaters  located  immediately  above  the  fu 
nace  in  stationary  boilers,  in  the  smoke  box  of  locomoti? 
boilers,  and  in  separately  fired  furnaces. 

General  practice  allows  \  to  }  square  foot  of  superheating  surface  p< 
boiler  horse  power  for  mild  steel,  superheater  located  in  the  furnac* 
from  2  to  2.5  square  feet  of  surface  at  the  end  of  the  first  pass,  an 
from  3  to  4  square  feet  at  the  end  of  the  heating  surface  for  superhea' 
of  from  100  to  150  degrees  F.,  boiler  pressure  150  pounds  absolute. 


{ 
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The  Foster  Superheater  Company  allows  6  B.t.u.  per  lineal  foot  per 
degree  difference  in  temperature  for  their  "two-inch"  element  where 
the  average  temperature  of  the  gases  is  about  twice  the  mean  temper- 
ature of  the  steam. 

For  all  engineering  purposes  d  may  be  determined  with  sufficient 
accuracy  from  the  relationship 

,  __  t\  -f~  fa  _  U  ~t~  t 
2  2     ' 

Notations  as  in  equations  (45)  and  (47). 

An  empirical  formula  for  determining  the  extent  of  superheating 
surface  in  connection  with  indirect  superheaters  which  appears  to 
conform  with  practice  is  derived  by  substituting 

tf  =  3,    d  =  t'-l±^,    w  =  30,    c'  =  0.5, 

in  equation  (47)  [J.  E.  Bell,  Trans.  A.S.M.E.,  29-267].     Thus: 

S  X  3JV  -  ^y-^)  =  30  X  0.5  X  (t,  -  0, 


from  which 


_  10  (t.  -  t) 
S  -  2t'-U-t '  (48) 


( (the  mean  temperature  of  the  product  of  combustion  where  the  super- 
heater is  located)  may  be  approximated  from  equation 

y  _  0,.„  =  0.172  H  +  0.294,  (49) 

in  which 

H  =  the  per  cent  of  boiler-heating  surface  between  the  point  at 

which  the  temperature  is  t  and  the  furnace, 
t  as  in  (48). 

Equation  (49)  is  based  upon  the  assumption  that  the  heat  trans- 
ferred from  the  gases  to  the  water  is  directly  proportional  to  the  differ- 
ence in  temperature;  that  the  furnace  temperature  is  2500  degrees  F.; 
flue  temperature  500  degrees  F.;  steam  pressure  175  pounds  per  square 
inch  gauge;  one  boiler  horse  power  is  equivalent  to  10  square  feet  of 
water-heating  surface. 

Example:  What  extent  of  heating  surface  is  necessary  to  superheat 
saturated  steam  at  175  pounds  gauge  pressure,  200  degrees  F.,  if  the 
ttpsrheater  is  placed  in  the  boiler  setting  where  the  gases  have  already 
tavcTBed  40  per  cent  of  the  water-heating  surface? 
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gsfc  -  0.172  X  0.4  +  0.294, 


Substitute  H  =  0.4  and   t  -  378  in  equation  (49), 
1 
(F  -  378)"-1 

from  which  ('  =  950. 

Substitute  e  -  950,  U  =  578,  and  t  =  378  in  equation  (48), 
__       10  (578  -  378) 


2  X  950  -  578- 
=  2.12  square  feet. 


;j;s 


The  curve  in  Fig.  128  was  plotted  from  equation  (49)  and  gives  a 
ready  means  of  determining  ('  and  of  observing  the  law  governing  heat 
absorption  by  the  boiler  between  furnace  and  breeching.  The  abscissas 
represent  the  temperatures  of  the  hot  gases  at  different  points  in  their 
path  between  furnace  and  breeching.  The  ordinate*  represent  (1)  the 
percent  of  boiler-heating  surface  passed  over  by  the  hot  gases,  and 
(2)  the  per  cent  of  the  total  heat  generated  which  is  absorbed  by  thin 
beating  surface. 

In  the  use  of  equation  (49)  the  probability  of  error  is  greatest  when 
considering  a  point  near  the  furnace,  since  large  quantities  of  heat  are 
transmitted  to  the  tubes  by  radia-  « 
tion  from  the  fuel  bed  which  are  not 
taken  account  of .  Formost  practical 
purposes  the  assumption  is  suffi- 
ciently accurate. 

Fig.  129  gives  the  probable  tem- 
perature range  of  gases  entering 
superheater  after  passing  over  a 
given  per  cent  of  boiler-heating  sur- 
faceand  Fig.  130  shows  the  relation 
between  superheating  surfaces  and  J 
boiler  heating  surf  ace.  (See  Power, 
Sov.7,1011,  p.  696.) 

It  will  be  found  that  the  boiler- 
beating  surface  per  boiler  horse 
ptwerwill  be  decreased  in  almost  the  same  projjortion  that  the  super- 
heating surface  is  increased,  so  that  the  sum  of  the  boiler-heating  surface 
*"!  superheating  surface  per  boiler  horse  power  will  be  very  nearly 
the  same  for  any  degree  of  superheat. 

For  the  application  of  the  curve  in  Fig.  128  to  the  design  of  direct 
and  indirect  superheaters  for  various  degrees  of  superheat ,  set;  "Stirling," 
by  the  Stirling  Boiler  Company,  pp.  92-90. 
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Fur.  133  dwmi  the  relation  between  the  degree  of  ■ipeihcat  obtained 
ood  the  home  power  developed  in  the  anpahemlcr. 

Tal*»  37  to  »  are  taken  from  the  report  of  Otto  Boner  ("ZeiL  d. 
Ver,  \h*fr.  Eng,"  and  reprinted  in  Power,  August,  1904). 

Table  37  compares  the  heat  efficiency  of  a  steam  plant  equipped  withi 
dirwtly  arid  with  separately  fired  superheaters,  the  former  showing  a> 
much  higher  efficiency. 

Table  #*  compares  different  boilers  with  and  without  flue  super— 
heaterH,  showing  the  effect  upon  the  temperature  of  the  flue  guea. 
The  gain  in  heat  efficiency  of  the  entire  plant  due  to  the  use  of  the 
wijierheater  is  decisive  in  each  case. 

Table  39  shows  the  gain  in  heat  efficiency  due  to  the  use  of  super— 
heaters  in  a  number  of  plants  equipped  with  fire-tube  boilers. 

Table  40  gives  the  results  of  tests  on  one  of  the  return  tubular  boiier» 
at.  the  Spring  Creek  Pumping  Station  of  the  Brooklyn  Waterworks 
(Feb.  0,  1904)  with  and  without  a  superheater.  The  superheater,  of 
the  Foster  type,  was  installed  between  the  rear  wall  of  the  setting  and 

the  tube  sheet. 

Although  the  results  in  Tables  37  to  40  represent  practice  of  eight 
years  ago,  they  agree  substantially  with  current  practice  (1912). 
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TABLE  40. 

{Engineer,  U.  S.t  May  1,  1904.) 


art. 
aish 


team  pressure 

rater  pressure,  triple  expansion, 

feet 

rater  pressure,  compound,  head 


acuum  of  suction  for  triple  and 

nd,  inches  of  mercury 

i  on  triple,  feet  of  water 

I  on  compound,  feet  of  water  .  . . 

ble  strokes,  triple 

ble  strokes,  compound 

imped  from  piston  displacement, 

•iple 

imped  from  piston  displacement, 

impound 

imped  from  piston  displacement, 

iple  combined 

>tal,  pumped  as  measured  by  weir 


lip. 
ids,  weir  . . 
I  consumed 
efuse 


ise 

I  water 

100  pounds  coal 
1,000  pounds  steam 


With  Superheater. 


12  noon,  Feb.  8 
12  noon,  Feb.  9 


24 
79.3  1b. 

0.99 

7.10 


Without  Superheater 


11a.m.,  Feb.  11 
11  a.m.,  Feb.  12 


24 
79.41b. 

1.05 

7.10 


22.90 

23.21 

29.05 

29.46 

33.04 

33.39 

30,557 

34,114 

35,395 

32,158 

2,854,023 

3,186,247 

2,930,706 

2,662,682 

5,784,720 

5,848,930 

4,492,680 

4,549,480 

22.3 

22.2 

1,163,815,819 

1,184,983,596 

5,015  lb. 

6,410  lb. 

23.7 

18.7 

1,188 

1,203 

38,399 

50,960 

23,206,696 

18,486,483 

30,308,498 

23,253,213 

ncrease  of  work  per  100  pounds  coal 25. 5 

ncrease  of  work  per  1,000  pounds  steam 33 . 2 

laving  in  coal  per  foot  pound  work 20 . 2 

laving  in  feed  water  per  foot  pound  work 23 . 2 

emperature  steam  leaving  superheater 527 . 4  deg.  F. 

emperature  steam  entering  superheater 320. 1  deg.  F. 

legree  superheat 207.3  deg.  F. 


CHAPTER  VI. 

COAL  AND  ASH-HANDLING  APPARATUS. 

130.  General.  —  The  cost  of  coal  and  its  delivery  into  the  fu 
are  usually  the  largest  items  in  the  operating  charges;  hence 
central  stations  are  located,  when  practicable,  adjacent  to  a  rai 
line  or  water  front,  to  minimize  the  cost  of  handling  coal  and  a 
Isolated  stations  in  the  business  districts  of  large  cities  are  us 
unfavorably  situated,  so  that  the  cost  of  handling  coal  and  ashes 
large  percentage  of  the  total  fuel  cost.  In  large  stations  the  am 
of  fuel  and  ash  handled  frequently  warrants  the  expense  of  elab 
conveyor  systems  which  would  not  be  justified  in  smaller  plants 
whatever  way  coal  is  supplied  provision  should  be  made  for  stor 
quantity  sufficient  to  operate  the  plant  for  some  time  in  case  the  si 
is  interrupted,  thereby  guarding  against  an  enforced  shut-down. 

If  adjacent  to  a  railway  line,  a  side  track  must  be  provided  for  sn 
ing  the  cars.  As  bottom-dumping  cars  cannot  be  depended  upon, 
vision  should  be  made  for  unloading  by  hand  or  by  grab  bucket 
coal  is  delivered  by  water,  clam-shell  drop  buckets  are  ordinarily 
for  unloading  the  barges.  If  the  power  house  is  located  at  sonu 
tance  from  the  railroad  or  water  the  coal  is  generally  hauled  by  tea 
two-  to  five-ton  loads. 

131.  Coal   Storage.  —  In   small    stations   the    storage  bins   or 
bunkers  may  usually  be  located  within  the  building,  but  in  larger  \ 
the  quantity  of  coal  consumed  daily  is  frequently  such  that  an  imi 
space  would  be  required  to  furnish  storage  capacity  for  even  a 
period  of  time.     For  example,  one  of  the  large  central  statio 
Chicago  burns  an  average  of  60  tons  of  Illinois  screenings  per 
throughout  the  year.     Allowing  45  cubic  feet  to  the  ton  this  i 
necessitate  a  space  of  45  X  60  X  24  =  69,600  cubic  feet  to  ston 
for  one  day's  operation.     A  ten-days'  run  would  require  a  coal  p 
feet  wide,  30  feet  high,  and  464  feet  long.     It  is  a  good  plan, 
location  and  character  of  the  plant  permit,  to  earn'  four  or  five 
supply  within  the  plant  and  provide  a  separate  building  for  th< 
reserve.     Such  provision  is  made  in  the  power  plant  of  the  New 
Kdison  Company,  which  has  a  storage  capacity  of  150,000  tons  i 
dition  to  that  of  the  overhead  bunkers. 
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: 

Exposed  coal  piles  are  objectionable,  because  of  freezing  in  winter, 
the  crust  sometimes  freezing  so  hard  as  to  necessitate  the  use  of  dyna- 
mite to  break  it;   moreover,  a  slow  depreciation  in  heat  value  takes 
place,  especially  with  bituminous  coal.     This  depreciation  is  more  rapid 
Breather  and  in  the  tropics.     Stored  coal  is  oftentimes  subject 
to  spontaneous  combustion,  particularly  when  there  is  a  large  content 
of  iron  pyrites.     Storage  under  water  minimizes  spontaneous  conilms- 
itt  ft&d  depreciation  in  heat  value.     {Consult  references  below.) 

Coal  buskers  or  hoppers  arc  ordinarily  placed  on  the  same  level  with 
the  l>oiler-room  floor  or  above  the  boiler  setting.     The  former  is  the 
tape*  as  far  as  first  cost  is  concerned,  but  necessitates  additional  han- 
dling of  the  fuel  before  it  can  be  fed  to  the  stokers.     In  the  overhead 
Qltau  the  coal  gravitates  to  the  stoker  through  down  spouts.     Over- 
bad bunkera  are  usually  found  where  real  estate  is  costly.     They  are 
OUStructed  of  si  eel  plates  lined  with  concrete  or  of  reenforced 
Entente.     The  bottoms  slope  at  an  angle  of  35  to  45   degrees  and 
'Hip!  v  into  the  coal  chutes  or  down  spouts.     Fig.  136  shows  the  general 
appearance  of  a  single  overhead  bunker.     In  some  bunkers  the  floors 
arc  made  with  very  slight  slopes,   but  it  is  not  advisable  to  use  a 
than  the  angle  of  repose  of  the  coal,  as  it  may  be  necessary 
I  the  coal  over  the  spouts.     Convenience  in  framing  makes  the 
tt&grN  slope  the  more  desirable.     Separate  bunkers  for  each  boiler 
■i  red  to  continuous  bunkers,  since  fire  in  the   coal  is  more 
n  vented  from  spreading.     In  the  new  power  house  of  Swift 
Lcago,  111.,  the  bunkers  are  of  circular  cross  section  instead  of 
Ndangulaj,  aa  is  the  usual  practice.     The  capacity  of  the  cylindrical 
h<i|i|«T  is  considerably  less  than  that  of  a  rectangular  hopper  of  the 
HU  width,  but  is  much  cheaper  to  construct. 

i£  are  invariably  lined  with  concrete  or  brickwork,  since  the 
action  of  the  ashes  would  soon  destroy  the  bare  iron,  and  are 
seated  alongside  the  coal  hopper,  as  in  Fig.  136,  so  that  Lhey 
may  be  discharged   by  gravity.     The   angle  of   repose  of  most  ashes 
lately   lit  degrees,  but  the  45-degreo  angle  is  preferred  on 
account  of  convenience  in  construction.     Fig.   102  illustrates  a  "non- 
type  of  ash  hopper  in  which  the  sides  are  flared  sufficiently 
to  prevent  the  ash  from  packing  when  the  bottom  valves  are  opened. 

Coal  Storage  Under  Water:   Elec.  Wld.,  Oct.  7,  1911,  p.  885,  Eng.  News,  Dec.  5 
1908. 

■  ■:■:„■■  o}  Weathered  Cook:  Bulletin  No.  17,  Univ.  ot  111.,  Aug.  26,  i 
jh|.  N«m,  Jan.  11,  1912,  p.  64. 

'     labiiDliim  ufCtHil:   Jl    IiuL  nn.i  Chem.  Lng.,  Mar.,  1911. 
Sutptmicd  Coat  Bin:    Power.  Apr.  23,  1912,  p.  602. 


224  STEAM  POWER  PLANT  ENGINEERING 

132.  Coal  Conveyors.  —  Coal  is  carried  to  the  stokers  in  a  variety  of 
ways,  depending  upon  the  location  of  the  plant,  the  type  of  stokers, 
and  the  personal  tastes  of  the  builder.  Of  the  various  methods  the 
following  are  the  most  common: 

1.  Hand  shoveling  from  coal  pile  to  furnace. 

2.  Wheelbarrow  or  hand  car  and  shovel. 

3.  Bucket  conveyor. 

4.  Belt  conveyor. 

5.  Hoist  and  hand  cars. 

6.  Hoist  and  automatic-cable  cars. 

7.  Hoist  and  trolley. 

8.  Spiral  or  screw  conveyor. 

9.  Combinations  of  the  above. 

For  a  series  of  papers  on  conveying  machinery  with  data  pertaining 
to  the  cost  of  operation  see  Trans.  A.  S.  M.  E.,  Vol.  30, 1908,  and  Indus- 
trial Engineering,  Oct.,  1911,  to  March,  1912  (Serial). 

133.  Hand  Shoveling.  —  Where  possible,  the  coal  is  dumped  direct 
from  the  cars  or  wagons  into  bins  located  in  front  of  the  boilers.  In 
such  instances  one  man  may  handle  the  coal  and  ashes  and  attend  to 
the  water  level  of  200  horse  power  of  boilers  equipped  with  common 
hand-fired  furnaces.  With  stoking  and  dumping  grates  300  horse 
power  may  be  controlled  by  one  man  and  from  800  to  1000  horse  power 
with  chain-grate  stokers.  This  refers,  of  course,  to  average  good  coal 
not  too  high  in  ash  nor  productive  of  much  clinker.  Sometimes  the 
coal  cannot  be  stored  in  front  of  the  boilers  but  must  be  hauled  by 
wheelbarrow,  cart,  or  rail  car.  For  distances  over  100  feet  and  quanti- 
ties over  20  tons  per  day  the  cost  of  handling  the  coal  in  this  way  may 
justify  the  installation  of  an  automatic  conveyor  system.  Hand-fired 
furnaces  and  manual  handling  of  coal  and  ashes  are  usually  associated 
with  small  plants  of  f>00  horse  power  and  under,  but  a  number  of  large 
stations  are  operated  in  this  way  with  apparent  economy.  A  notable 
example  is  the  new  (1007)  steam  power  plant  of  the  Wood  Worsted 
Mill,  Lawrence.  Mass.,  in  which  40  return  tubular  boilers  are  fired  Iff 
hand.  A  tipeart  with  a  capacity  of  one  ton  brings  the  coal  a  distance 
of  100  to  200  feet  to  the  firing  floor,  and  firemen  shovel  it  on  to  the 
grate.  Four  men  are  stationed  at  the  coal  pile.  One  man  drives  two 
carts  -.one  of  which  is  bring  filled  while  the  other  is  gone  with  its  load), 
sixteen  firemen  attend  to  the  furnaces,  and  two  men  dispose  of  the  : 
ashes.  Most  large  plants,  however,  are  equipped  with  coTfWJ8*" 
machinery,  not  s»^  much  because  of  the  possible  reduction  in  cos 
operation,  taking  into  consideration  all  charges  fixed  and  operating,  »-j 
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se  of  the  large  and  often  unreliable  labor  staff  which  it  dispenses 
Hand  shoveling  is  sometimes  necessary  even  with  modern  un- 
.g  devices  on  account  of  the  freezing  of  coal  in  the  cars.  This  is 
ularly  true  of  washed  coals,  and  it  is  not  unusual  to  have  an 
car  load  solidly  frozen.  In  this  case  it  has  to  be  picked  and 
led  by  hand,  or  the  unloading  tracks  must  be  equipped  with 
i  pipes  and  outfits  for  thawing  purposes.  A  good  man  is  capable 
jveling  40  to  50  tons  of  coal  in  eight  hours  when  unloading  a  car, 
ded  it  is  only  necessary  to  shovel  the  coal  overboard. 

•  Backet  Conveyors.  —  One  of  the  most  common  methods  of  auto- 
sally  handling  the  coal  from  car  to  bunker  is  by  means  of  an  end- 
chain  of  traveling  buckets.  Many  of  the  largest  central  stations 
lis  country  are  equipped  with  such  systems.  The  details  of  opera- 
are  best  illustrated  by  a  few  examples. 

g.  134  gives  a  diagrammatic  arrangement  of  the  link-belt  over- 
ling pivoted  bucket  carrier,  and  Fig.  136  illustrates  its  application 
i  typical  boiler  plant.  Coal  is  discharged  from  the  railway  cars 
a  track  hopper  and  from  there  delivered  by  a  "feeding  apron' ' 
a  crusher  which  reduces  it  to  such  a  size  as  can  be  conveniently 
died  by  the  stokers.  It  is  then  discharged  into  a  short  bucket 
veyor,  which  carries  it  to  the  main  system  of  buckets,  and  it  is 
rated  to  the  proper  level  and  discharged  into  the  overhead. bunkers. 
e  discharge  is  effected  by  special  tripping  devices  which  engage  the 
;kets  and  turn  them  over.  The  ashes  are  dumped  from  the  ash  pit 
ough  a  series  of  chutes  into  the  lower  run  of  buckets,  by  which  they 
;  elevated  and  discharged  into  the  ash  hopper  alongside  the  coal 
akers.  From  the  ash  hopper  the  ashes  discharge  by  gravity  directly 
o  the  railway  cars  below.  The  system  is  operated  by  means  of  two 
rtora,  one  driving  the  crusher  and  the  other  the  main  bucket  system, 
ft  buckets  are  made  of  either  sheet  steel  or  malleable  iron. 
In  Kg.  134  the  coal  is  fed>to  the  crusher  by  the  "  reciprocating  feeder/ ' 
lieh  is  usually  placed  directly  under  the  track  hopper.  The  feeder 
osbts  of  a  heavy  steel  plate  mounted  on  rollers  and  having  a  recip- 
cating  movement  effected  by  a  crank  mechanism  from  the  carrier. 
ie  amount  of  coal  delivered  depends  upon  the  distance  the  plate  moves, 
d  this  can  be  varied  by  changing  the  throw  of  the  eccentric.  The 
mber  of  strokes  corresponds  to  the  number  of  buckets.  Any  size 
d  can  be  readily  handled.  When  the  distance  from  track  hopper 
carrier  is  so  great  that  the  reciprocating  feeder  is  not  practicable  a 
tttmuous  or  "belt"  feeder  is  used  to  supply  the  crusher  with  fuel. 

*  "equalizing  gear"  is  designed  to  impart  a  pulsating  motion  to  the 
rtng  sprocket  wheel  which  will  counteract  the  natural  pulsation  to 
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which  long  pitch  chains  ore  subject,  producing  violent  increase  of  the 
normal  strain  at  frequent  intervals.  This  is  accomplished  by  driving 
the  spur  wheel  with  an  eccentric  pinion,  causing  the  pitch  line  to  describe 
a  series  of  undulations  corresponding  to  the  number  of  sprockets  on 
the  chain  wheel.  Figs.  136  and  137  show  the  general  arrangement  of 
crusher  and  "cross  conveyor"  in  the  old- portion  of  the  South  Sidt 
Elevated  Power  House,  Chicago. 

A  coal  and  ash  system  similar  to  the  one  illustrated  in  Fig.  136  for  a 
plant  consisting  of  eight  350-horse-power  boilers  will  cost  in  the  neighi 
borhood  of  $8000,  completely  installed.  This  does  not  include  tli 
cost  of  coal  and  ash  bunkers, 


The  Hunt  conveyor,  Fig.  138,  while  usually  called  a  "bucket"  com 
■yor,  is  in  fact  a  scries  of  cars  connected  by  a  chain,  each  having  J 
iily  hung  on  pivots  and  kept  in  an  upright  position  by  gravity.  Th.« 
niin  is  driven  by  pawls  instead  of  by  sprocket  wheels.  The  "buckets" 
r  upright  in  all  positions  of  the  chain,  consequently  the  chain  can  be 
iviii  in  any  direction.  The  change  of  direction  of  the  chain  is  accom- 
ished  by  guiding  the  curriers  over  curved  tracks.  The  chain  moves 
iwly,  and  the  capacity  is  governed  by  the  sine  of  the  buckets.  The 
dinary  size  buckets  carry  two  cubic  feet  of  coal  and  move  at  a  rat* 

fifteen  buckets  a  minute,  carrying  about  40  tons  per  hour.  Two 
ethods  of  Silling  the  buckets  are  employed,  the  "measuring"  and  the 
•l>out  tiller."     In  the  former  each  bucket  is  separately  filled  with  a 
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predetermined  amount  by  a  suitable  "measuring  feeder."  In  the 
Litter  the  material  is  spouted  in  ;i  continuous  stream,  necessitating  the 
nee  of  Overlapping  buckets  to  prevent  spilling  of  the  material.  Fig.  139 
(hows  an  application  of  the  Hunt  system  to  the  power  plant  of  the 
Btode  Island  Suburban  Railway,  Providence,  R.I. 


Fit!.  140  gives  a  sectional  elevation  of  the  coal  and  ash-handling 

■il  the  power  plant  of  the  ( Commercial  National  Hank  Build- 

igo.     Underneath  the  sidewalk  on  the  Clark  .Street  side  of  the 

raiding  ta  a  coal-storage  bin  of  GOO  tons'  capacity,  served  with  a  bucket 

Eoaveyor.     One  leg  of  the  conveyor  reaches  down  to  a  level  below  the 

the  Illinois  Tunnel  Company.     By  this  arrangement  coal  can 

ba  'Mivrted  either  by  cars  in  (he  tunnel  or  by  wagons  from  the  street. 

coal  from  storage  a  gate  at  the  lower  extremity  of  the  hopper 

Boprord  jtnd  the  coal  filling  the  buckets  is  elevated  and  tripped  into 

i  the  screw  conveyors  leading  from  bucket  conveyor  to  boiler 

■Ppper.    The  ashes  sire  shoveled  from  the  ash  pits  into  cars  r 

■!  under  the  boiler  floor,  and  by  these  ears  are  trai 
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a  dump  at  one  side  of  the  boiler  room  and  discharged  into  IUini 
Tunnel  Company's  cars  for  removal. 


-cial  National  Bank  Building.  Chin 


135.  Belt  Conveyors.  —  The  Robins  belt  conveyor,  Fig.  141,  consi: 
essentially  of  a  thick  belt  of  the  required  width  driven  by  suital 
pulleys  and  carried  upon  idlers  so  arranged  that  the  belt  becore 
trough-shaped  in  cross  section.  In  the  later  designs  five  pulleys  ( 
employed  instead  of  three  as  illustrated  in  order  that  the  line  of  co 
tact  may  more  nearly  approach  the  arc  of  a  circle.  The  belt  is  co 
structod  of  woven  cotton  duck  covered  with  a  special  rubber  compom 
oti  the  carrying  side.  The  rubber  is  tbicker  at  the  middle  than  at  t 
edges,  since  the  wear  is  greatest  in  a  line  along  the  center,  but  t 
thickness  of  the  belt  is  uniform  throughout  its  entire  width.  T 
edges  are  roenforced  with  extra  plies  of  duck  to  increase  the  tens 
strength.  The  idlers  are  carried  by  iron  or  wooden  framework,  ai 
are  spaced  from  3  to  (i  feet  lietweon  centers  on  the  troughing  si( 
according  to  the  width  of  belt  and  the  weight  of  the  load.  On  t 
return  side  these  distances  range  from  S  to  12  feet.  High-speed  rota 
brushes  with  interchangeable  steel  bristles  prevent  wet,  sticky  mater 
front  clinging  to  the  belt.     Automatic  tripping  devices  placed  at  t 
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proper  points  muse  the  material  tu  be  discharged  where  i|  is  needed. 

The  trippers  consist  essentially  of  two  pulleys,  one  above  and  slightly 

i  if  the  other,  the  belt  running  over  the  upper  and  under  the 

low  one,  the  course  of  the  belt  resembling  the  letter  8.    The  material 

k  ili-ehr.iryfnl   into   chutes  on  the 

ward  turn  of  the  belt. 

Fbe  trippers  may  be  movable  or 

■  ■  in  series,    Movable 

trippen  are  used  when  it  is  de- 

barge  the  load  evenly 

ntire  length,   as,  for 

instance,  in  a  continuous  row  of 

Mil  trippers  are  em- 

;.r.  ■!  where   the  load  is  to  be 

ili-clinryii  :it   certain  and  some- 

■i!:.i:    separated     points.     The    movable    trippers    are    made    in    two 

farms,  "hand-driven"   and    "automatic."     In    the   former  they  are 

n  point  to  point  by  means  of  a  band  crank.     The  ''automatic" 

Wpper  is  propelled  by  the  conveying  belt  through  the  medium  of  gear- 

.ties  its  direction  automatically  at  either  end  of  the  run 

back  and  forth  continuously  distributing  its  load.      It  can 

I.  reversed,  or  made  stationary  at  will.     The  most  notable 

installations  of  this  system  arc  at  the  Hudson  and  Manhattan  Railway 

1 "- ■-■: ! i ■: i n._v.  '>  [Kiwer  bouse,  Jersey  City;  L  Street  Station,  Edison  Illumi- 

■tiag  Company  of  Boston,  and  the  South  Boston  Power  Station  of 

W  Boston  Elevated  Company. 

IM,  Elevating    Tower,    Hand-ear   Distribution.  —  Fig.    142   illustrates 

I  ash-handling  installation  at  the  Aurora  and  Elgin  Inter- 

Brhsu  Railroad  power  house,  Batavia,  III.     Coal   is  delivered  to  the 

railroad  cars  which  dump  directly  into  coal  hoppers  located 

tuide  a  steel  structure  running  the  entire  length  of  the  building  and 

Sfawwd  by  two  railroad  tracks.     There  arc  18  hoppers  constructed  of 

ImficIi  brick  walls  fitted   with   steel-plate  bottoms.     Subdividing   the 

storage  space  in  this  manner  makes  it  possible  to  carry  different  grades 

'■'  i".u.  prevents  the  spreading  of  tire,  and  affords  a  simple  construction 

'"'  the  support   of   the  railroad   tracks.      The   basement  of  the  boiler 

■  ■!-  lindi  rneath  the  hoppers,  and  two  lines  of  narrow-gauge 

■    embedded  in  the  concrete  Hour.     Turntables  at  the  center 

'Vilihte  the  switching  of  cars  to  the  elevators  which  rise  through  the 

im  dose  to  the  chimney.     The  cars,  of  one  ton  capacity   each, 

ii  special  construction,  with  roller-bearing  axles  and  a  combined 

lift  and  friction  dump.     The  filled  cars  are  pushed  from  un- 


the  hoppers  the  coal  is  fed  to  the  stoker  by  an  ordinary  dmvn  -I' 
The  ashes  fall  from  the  stokers  into  an  ash  pit,  from  which  they  ma; 
discharged  into  ash  cars.  The  ash  cars  are  elevated  to  a  set  of  tn 
running  at  right  angles  to  the  main  tracks,  and  are  transferred  to 
bins  located  directly  over  the  coal  bins.  Coal  and  ashes  are  weig 
In  the  small  cars.     There  arc  ten  boilers  in  this  plant  and  four  men. 
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required  lo  handle  the  coal  and  ashes.     The  entire  coal  and  ash-handling 

iystflii  fust  about  $10,0(10,  and  the  Coat  of  handling  the  coal  and  ashes 

ornately  4  cents  per  ton.     This  docs  not  include  wages  of 

Grants  '>!"  water  lenders.     For  a  description  of  recent  changes  made 

m  this  plant  see  Elec.  Ry.  Jour.,  Apr.  12,  1911,  p.  268. 

137.  Overhead  Storage,  Bucket  Hoist.  —  Fig.  143  gives  a  general  view 

■  i-liandling  plant  of  the   Depot  Street  power  house  of  the 

Cincinnati  Traction  Company.     This  installation  is  a  good  example  of 

an  application  of  the  "overhead  storage  gravity  feed"  system  to  an 

■  \!-.iin^  plant  without  interfering  in  any  way  with  its  operation.     The 


**  1«.    Coal  and  Ash-hninllmg  Syatem  at  the  Depot    Street   Power   House  ol   the 

C'iiii.-iiniiiti  Tnu'tioii  ('umiiuiiy. 

■-'isists  essentially  uf  a  receiving  pit  below  the  car  tracks  from 
which  the  coal  is  hoisted  to  :i  series  of  overhead  bins.  The  coal  storage 
the  boiler  house  in  an  independent  structure.  The  bins  are 
";  ft ■■■[  framework  with  concrete  floors,  and  are  sufficiently  elevated 
M  tpout  ooal  easily  to  the  stoker  magazine.  The  total  capacity  of  the 
Hwhead  bins  is  about  1(100  tons.  The  four  bins  or  receiving  pits  have 
,  of  50  tons  each,  or  approximately  one  car  load,  and  are  .so 
il  that  all  four  may  be  fillet]  simultaneously  without  shifting  the 
The  c  i  al- hand  ling  apparatus  consists  of  a  one-ton  self-filling 
t  operated  on  a  tlirec-mntor  electric  crane  running  on  rails  at 
>f  the  storage  bins.  The  coal  is  hoisted  from  the  receiving  pit 
uitable  shafts  in  the  bin  structure  and  dumped  into  the  over- 
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head  hoppers.  The  maximum  capacity  of  the  hoist  is  50  tons  per  hour. 
The  hilxjr  required  to  han-il*  the  coal  from  car  to  bins  is  performed  by 
one  man  working  rive  hours  jx-r  day  and  an  assistant  engaged  a  small 
part  of  the  time  to  dump  cars,  clean  hoppers,  etc.  The  average  daily 
coal  consumption  i<  approximately  200  tons.  The  total  cost  of  the 
equipment  was  about  Sl^.UOU  for  the  bins  complete  and  $4500  for  the 
coal-handling  crane.  The  co<t  oi  handling  the  coal  and  ashes  is  approxi- 
mately 1.5  cents  per  ton  of  coal.  Including  all  charges  fixed  and  operat- 
ing the  total  co<t  of  handling  the  coal  is  alx>ut  3.5  cents  per  ton.  This 
docs  not  include  wages  of  firemen  or  water  tenders. 

138.  Elevating  Tower,  Cable-car  Distribution.  —  The    coal    and  ash- 
handling  system  of  the  new  turbine  power  plant  of  the  Detroit  Edison 
Company  is  a  typical  example  of  a  large  station  equipped  with  elevat- 
ing tower  and  cable-ear  distributers  instead  of  the  usual  bucket  con- 
veyor.    The  system  consists  essentially  of  a  lofty  steel  tower  in  which 
an-  housed  at   various  levels  a  track  receiving  hopper,   crushing  rolls 
and  feeder*,  weighing  hopjxT.  hoisting  apparatus,  etc.,   and  a  small 
eable  railway  for  delivery  to  the  bunkers.     The  railroad  coal  cars  enter 
the  tnwer  on  an  elevated  trestle  IS  feet  above  grade,  below  which  is 
a  trai-k  receiving  hopjxT.     A  two-ton  "tub  hoist "  is   filled  with  coal 
from  Mi-  bottom  of  the  receiving  hopper  and  elevated  to  a  20-ton  bin 
a*  •h'-  f'»p.  120  feet  above  ground  level.     This  bin  has  a  grille  bottom 
.'it  ->:ii   -Me  and  under  the  outlet  a  heavy  duty  coal  crusher,  thus  allow- 
ing ■  ;:'-  fine  eoal  to  <creen  through  directly  while  all  the  larger  lumps 
ar«-  automatically  delivered  to  the  crusher.     From  the   two   bins  the 
-ma!;  e:,i,le  cars  are  tilled  for  dumping  into  the  desired  bunkers  over 
the  boiler  room*.     The  ears  are  arranged  for  automatic  dumping  bv 
near:-  of  adjustable  trip<  which  may  be  located  at  any  point.     The 
e:iMn   -v-tem  ha-  a  capacity  of  from  12."i  to  lo()  tons  of  coal  per  hour 
and  i-  !:iot.i!-driv.:i.     The  ash-handling  system  consists  of  brick-lined 
cnnereTi-  hopper*  underneath  each  pair  of  <tokers  which  discharge  their 
content  -  by  Lir-vity  into  the  small  cars  operated  on  the  track  svstem 
in  the  buiit-r-:. ■,■>,■  basement. 

Wlie:.  :.:::i. «;:!-  i'.im)  tons  per  da\  v -:"  - 1  hours  the  cost  of  operation  is 
approximately  jn  ,..-u<  p,.r  ton  fro: v.  coal  car  to  ash  car.  This  includes 
wage**  of  riremen  and  water  tender>. 

139.   Iloist    and    Trolley.     -  Fii;.    Ul   illustrates    a  very  simple   and 

-■-■■■  :;o::iical    met  In  id   «»f   li:i:id'i::u   coal   and   a>hes   as   installed    bv  the 

:^".t  '    Manufaeturim:   ComTiauy   at    the   power   plant   of   the   Scioto 

~*    ■-    t.  <Y»mpany.     If  the  e..:d  ear  i-  of  the  dump  type  the  contents 

--     •■-•■.-■.riitHi  directly   !•■•  >   ;he  coal  pit    from  which  the  coal  is  re- 

-"     -  zr.\h  buckei  ami  naiwfcnvd  cither  to  the  overhead  bunker 
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or  :o  'he  iterate  pile.    If  rjie  .»ai  car  is  of  the  gondola  type  the  coal  is 
rwno wi  iirecriy  from  the  ear  by  die  grab  backet.     The  bucket  is  hoisted 
inri  ^med  m  "iie  a-oiley  into  the  buikfing  over  the  acreen  hoppers  where 
it    ilsenarges  its    -ontezua:    the  doer  particles  fall  directly  into  the 
hunker  and  she  iaraer  lumps  are  automatically  delivered  to  the  crusher. 
The  iran  '-racket  will  cake  about  98  per  cent  of  the  coal  in  the  car 
Iw-.wr  only  2  per  cent  to  be  handled  by  hand.    Coal  is  fed  to  the 
*ry.ker*  by  means  of  a  traveling  electric  hopper  which  receives  its  supply 
fnm  :ae  overhead  bankers.    The  present  capacity  of  the  plant  is  50 
toes  oer  hoar  taken  from  the  car  or  pit  to  stock  pile. 


mmi  on 


TO    MMwn 

1   "WWW// 


I'm.  ll.Y      1  tinirrmitiiiffilit*  Arriinnomonl  of  the  "Vacuum"  Ash-handling  System. 

no.    44  \animii "   Ash  (onvo)or.       Kip;.    145   gives  a   diagrammatic    J 

Mii:mr.nnrnl   oi   w   nvrnll\    patented  ash-eonveying  system  deporfpt  m 
upon  \\\r  \«4oeit\  of  :i  eolumn  of  air  for  moving  the  ashes.     The  sysi 
»^  •■unplr  in  operation  and  low   in  first  cost.     One  end  of  special  ca. 
u-on  \u  wdev  /'  lends  to  the  :\sh  pits  of  the  various  boilers  bv  means  of 
hraneh  tubes,  and  the  other  end  is  eonneeted  with  a  sealed  separatiD^ 


/ 


)cr  A.  Each  branch  pipe  is  fitted  with  simple  circular  openings 
eetly  underneath  each  ash-pit  door  for  admitting  ashes  and  which 
■  kept  covered  except  when  in  operation.  Exhauster  E  creates  a 
rtiiil  vacuum  in  chamber  A  and  draws  in  air  at  a  high  velocity  from 
1  opening  in  the  ends  of  the  branch  pipes.  Ashes  raked  into  the 
m  through  the  ojx'niugs  are  caught  by  the  rapidly  moving  column 
sir  and  forced  into  chamber  .4 .  The  ashes  fall  to  the  bottom  and  are 
1  into  the  main  ash  pit  by  a  slowly  revolving  ash  valve  B.  Air  and 
Hi  an  withdrawn  from  the  top  of  the  separator  chamber  through 
pe  G  and  discharged  to  the  stack  or  to  waste.  A  spray  is  introduced 
to  pipe  F  to  reduce  dust.  The  process  is  a  continuous  one  and  the 
hes  may  be  completely  removed  from  the  ash  bin  without  interfering 
ith  the  operation  of  the  exhauster.  In  a  later  construction  the  ash 
n  and  separating  chamber  are  included  in  one  chamber,  thus  doing 
vay  with  the  revolving  ash  valve  and  the  small  motor  operating  it. 
i  this  latter  design  the  bin  is  never  completely  empty,  a  certain  depth 
'  ashes  being  maintained  to  seal  the  bottom  at  all  times, 
At.  the  Armour  (line  Works,  Chicago, -111.,  this  system  is  applied  to  a 
Her  plant  of  thirteen  boilers,  aggregating  4800  horse  power,  and 
»t,  completely  installed,  S5600.  As  originally  installed  the  separating 
lumber  had  a  volume  of  about  35  cubic  feet  and  the  suction  intake  was 
laced  58  feet  above  the  ash-pit  level.  Tiie  revolving  ash  valve  made 
bout  13  r.p.tn.,  and  was  driven  by  a  one-horse-power  motor.  In  the 
resent  installation  the  separating  chamber  and  motor-operated  ash 
live  are  dispensed  with  and  the  discharge  pipes  lead  directly  into  the 
lain  aah  bin,  which  has  a  capaciLy  of  60,000  pounds  of  wet  ashes 
id  is  constructed  of  five-sixteenths-inch  sheet  iron.  The  exhauster  (a 
Moot  Root  blower)  has  a  capacity  of  about  8000  cubic  feet  per  minute 
:  265  r.p.m.,  and  is  driven  by  a  75-horse-power  motor.  Under  normal 
ndttknu  of  operation  the  motor  requires  50  horse  power  when  deliver- 
6  250  pounds  of  ash  per  minute,  and  the  vacuum  on  the  suction  side 
the  exhauster  is  3.3  inches  of  mercury.  The  pipe  from  the  ash  bins 
the  separating  chamber  is  10  inches  in  diameter  and  is  constructed 
extra  heavy  chilled  cast-iron  pipe.  The  piping  from  the  separating 
amber  to  exhauster  and  to  stack  is  22  inches  in  diameter  and  is  con- 
noted of  number  16  and  number  20  galvanized  iron.  The  ashes  are 
ked  by  hand  from  the  ash  pits  to  the  suction  openings  of  the  branch 
1  are  handled  dry,  the  dust  being  taken  along  with  the  ashes, 
s  are  soon  worn  out  by  the  abrasive  action  of  the  ashes,  and  tees 
;I  instead,  since  the  accumulation  in  the  "dead"  end  receives  the 
takes  up  the  wear.  The  cost  of  handling  the  ashes  in  this 
is  approximately  7  cents  per  ton. 


240  STEAM  POWER  PLANT  ENGINEERING 


242  STEAM  POWER  PLANT  ENGINEERING 

141.  Cost  of  Handling  Coal  and  Ashes.  —  In  large  stations  where 
number  of  men  are  employed  to  handle  coal  and  ashes  only  it  is  a  simp 
matter  to  divide  the  cost  of  handling  into  the  various  stages,  thus: 

1.  Cost  of  unloading  cars  or  barges. 

2.  Cost  of  conveying  coal  to  bunkers. 

3.  Cost  of  feeding  coal  to  furnace. 

4.  Cost  of  removing  ashes. 

These  costs  are  usually  expressed  in  cents  or  dollars  per  ton  of  co 
burned,  or  in  terms  of  cents  or  dollars  per  horse-power  hour  or  kil 
watt  hour  of  main  prime  mover  output.  Item  number  3  is  oftentim 
included  under  "boiler-room  attendance"  and  items  1,  3,  and  4  und 
"coal  and  ash  handling."  Not  infrequently  all  four  items  are  include 
under  "attendance."  So  much  depends  upon  the  character  of  stoke 
and  furnace,  size  of  boilers,  and  the  like,  that  general  figures  on  the  co 
of  handling  the  coal  and  ashes  are  of  little  value  unless  accompanied  t 
a  description  of  the  equipment.  For  the  sake  of  general  comparisc 
the  most  satisfactory  method  of  expressing  the  cost  is  in  dollars  per  tc 
of  coal  from  coal  car  to  ash  car.  This  includes  wages  of  coal  and  as 
passers,  repair  men,  and  boiler  tenders.  In  small  stations  the  co, 
and  ash  handling  is  done  by  the  boiler  tenders,  in  which  case  it 
impracticable  to  separate  the  items  mentioned  above,  and  the  cost 
ordinarily  included  under  attendance.  An  average  figure  for  handlir 
coal  by  barrow  and  shovel  is  not  far  from  1.6  cents  per  ton  per  yai 
up  to  the  distance  of  five  yards,  then  about  0.1  cent  per  ton  per  yai 
for  each  additional  yard.  With  automatic  conveyors  the  operatir 
cost,  not  including  wages  of  firemen  and  water  tenders,  varies  with  tl 
size  of  plant  and  the  type  of  conveyor,  and  ranges  anywhere  from 
fraction  of  a  cent  per  ton  to  four  or  five  cents  per  ton.  The  larger  tl 
plant  and  the  greater  the  amount  of  coal  handled  the  lower  will  be  tl 
cost  per  ton.  In  comparing  the  relative  costs  of  manual  and  automat 
handling,  fixed  charges  of  at  least  15  per  cent  of  the  first  cost  of  tl 
mechanical  equipment  should  be  charged  against  the  latter  in  additi* 
to  the  cost  of  operation.  In  large  central  stations  equipped  with  stoke 
and  conveyors  and  consuming  200  tons  or  more  of  coal  in  twent 
four  hours,  the  cost  of  handling  the  coal  from  coal  car  to  ash  car,  i] 
eluding  wages  of  firemen  and  water  tenders,  will  range  between  10  cen 
and  18  cents  a  ton. 

142.  Coal  Hoppers.  —  Fig.  148  shows  a  front  and  side  elevation  c 
a  typical  set  of  stationary  weighing  hoppers  as  applied  to  the  boiler 
of  the  Quincy  Point  power  plant  of  the  Old  Colony  Street  Railwaj 
Company,  Quincy  Point,  Mass.     Each  batter}-  of  boilers  is  provided 


< 
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Fig.  149.    Traveling  Cool  Hoppers. 
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with  an  independent  set  of  hoppers.  The  bottoms  of  the  ovei 
coal  bunkers  lead  into  the  small  hoppers  A,  A.  The  operation  ol 
single  weighing  hopper  is  as  follows:  Coal  is  fed  from  the  ovei 
bunkers  to  weighing  hopper  H  by  means  of  valve  V.  The  weig 
coal  in  the  weighing  hopper  is  transmitted  by  a  system  of  lever* 
knife  edges  to  the  inclosed  scale  beam  /  and  noted  in  the  usual 
The  weighed  charge  of  coal  is  then  admitted  to  the  down  spout 
means  of  valves  similar  to  those  at  V. 

Although  separate  weighing  hoppers  for  each  battery,  as  illust 
in  Fig.  148,  offer  many  advantages,  they  are  quite  costly  and  it  i 
unusual  to  install  one  or  more  large  weighing  hoppers  raounte 
overhead  traveling  carriages  so  that  one  may  supply  a  numb 
boilers  (Fig.  149).    At  the  Armour  Glue  Works,  Chicago,  the 


50.    Common  Slide  Coal  Valve. 


Fit.;.  151.     Simplex  Coal  Vi 


supply  is  stored  in  one  large  overhead  bunker  of  1000  tons'  cap: 

A  five-ton  motor-driven  traveling  hopper  receives  its  supply  fron 
central  bunker  and  delivers  it  to  the  various  boilers.  One  man  opt 
the  traveling  hopper,  tends  to  the  coal  valves,  and  supplies  all  b 
with  coal. 

Weighing  hoppers  are  sometimes  made  automatic;  that  is,  the  c 
ing  and  closing  of  valves,  feeding  of  coal,  and  recording  of  weigh 
automatically  performed  by  the  weight  of  the  coal  itself.  The  sc 
set  for  discharges  of  a  certain  weight  and  continues  to  discharge 
amount  automatically.  In  the  few  plants  which  are  equipped 
automatic  weighing  hoppers  the  capacity  of  the  hopper  is  approxim 
1110  pounds  per  discharge.  These  hoppers  are  necessarily  more 
plicated  and  more  costly  than  the  ordinary  weighing  hoppers,  and 
a  question  whether  the  advantages  offset  the  extra  first  cost  andi 
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tenance  charges.  A  small  automatic  hopper  of  100  pounds  discharge 
capacity  costs  approximately  $400  as  against  $250  for  the  ordinary 
weighing  device.     For  a  description  of  a  coal  meter  see  paragraph  429 

143.  Coal  Valves.  —  Figs.  150 
to  154  illustrate  the  principles  of 
a  few  well-known  coal  valves. 
Hey  may  be  conveniently 
grouped  into  two  classes  ac- 
cording to  the  location  of  the 
coal  pocket:  (1)  those  drawing 
the  coal  from  overhead  bunkers 
and  (2)  those  drawing  from  the 
side  of  a  bin.  In  the  first  class 
come  the  simple  slide  valve  and 
the  simplex  and  duplex  rotating 
valve.  In  the  latter  are  the  flap 
valve  and  the  rotating  valve. 
They  are  made  in  various  sizes 


Fig.  152.     Duplex  Coal  Valve. 


and  designs,  but  those  illustrated  are  examples 
of  the  most  common  types.  The  simple  slide 
valve,  Fig.  150,  is  applicable  only  to  small  size 
coal  and  to  small  spouts,  since  coarse  or  lump 
coal  may  get  in  the  way  and  prevent  proper 
closing.  The  simplex  valve,  Fig.  151,  consists 
of  a  rotating  jaw  actuated  by  a  lever.  There 
are  no  rubbing  surfaces,  and  the  jaws  cut 
through  the  material  without  jamming.  The 
duplex  valve,  Fig.  152,  consists  of  two  rotating 
jaws  connected  to  a  common  actuating  lever. 
The  jaws  move  simultaneously,  so  that  even 
a  partially  open  valve  delivers  the  coal  cen- 
trally. When  closing  the  valve  the  flow  is 
gradually  stopped  by  the  decreasing  width  of 
the  opening  and  there  is  but  little  resistance 
to  the  movement  of  the  jaws.  The  largest 
valve  can  easily  be  operated  by  hand. 

The  flap  valve,  Fig.  153,  is  the  simplest  form 
for  drawing  coal  from  a  side  bin.  It  consists 
merely  of  an  iron  flap  hinged  to  the  bottom  of 
the  chute.  The  valve  is  lowered  to  let  the  coal 
nm  over  its  top  and  is  raised  to  stop  the  flow.  It  cannot  be  clogged  o* 
8&t  jammed  in  closing.     The  flap  is  raised  and  lowered  by  a  simple  lei 


Fra.  153.    Common  "Flap" 
Coal  Valve. 
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CHAPTER  VII. 

CHIMNEYS. 

i.  Chimney  Draft.  —  Draft  produced  by  a  chimney  depends  upon 
aany  conditions  and  involves  such  a  large  number  of  variables  that 
pineal  methods  of  proportioning,  based  upon  actual  performances, 
s  more  to  be  relied  upon  than  theoretical  calculations.  Draft  is 
ie  to  the  difference  in  the  weight  of  the  column  of  hot  light  gases 
the  stack  and  that  of  the  cooler  and  heavier  surrounding  atmos- 
here,  the  latter  tending  to  flow  into  the  base  and  thereby  force  the 
■gjhter  gases  out  the  top  of  the  stack.  The  commonly  accepted  theory 
>f  chimney  draft  is  based  upon  Peclet's  hypothesis  that  the  flow  through 
the  furnace  flues  and  chimney  may  be  represented  by  the  equation 

in  which 

h  =  the  head  of  fluid  producing  the  flow,  feet; 

u  =  velocity  of  the  gases  in  the  chimney,  feet  per  second; 

G  =  a  coefficient  to  represent  the  resistance  to  the  passage  of  air 
through  the  coal; 

I  =  total  length  of  the  path  of  the  gases,  feet; 

to  =*  area  of  cross  section  divided  by  the  perimeter; 

/  =  a  coefficient  depending  upon  the  nature  of  the  surfaces  over 
which  the  gases  pass. 

From  experiments  on  chimneys  and  boilers  Peclet  gives  in  con- 
B^ction  with  this  theory  the  following  values  of  coefficients  G  and  /: 

G  =  12,  /  =  0.012, 

°a  the  basis  of  20  to  24  pounds  of  coal  burned  per  square  foot  of  grate 
^ace  per  hour.  On  account  of  the  variation  in  practice  of  the  factors 
***/»  and  G  and  the  difficulty  of  determining  them  engineers  prefer  to 
*  the  modified  formulas  given  further  on. 
The  theoretical  difference  of  pressure  or  intensity  of  draft  may  be 
as  follows: 
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Let  H  =  height  of  chimney  in  feet; 

T  =  absolute  temperature  of  the  freezing  point,  degrees  F.; 
T\  =  absolute  temperature  of  the  gases  in  the  chimney; 
T2  =  absolute  temperature  of  the  outside  air; 
P  =  average  atmospheric  pressure  =  14.7  pounds  per  square  inc 
P>  =  observed  atmospheric  pressure; 

W  =  weight  of  a  cubic  foot  of  air  at  32  degrees  F.  and  pressure  i 
W\  =  weight  of  a  cubic  foot  of  chimney  gas  at  32  degrees  F.  ai 
pressure  P. 

Then  the  weight  of  a  cubic  foot  of  hot  gas  in  the  chimney  will  be 

W1 J  •  J,  (5 

and  the  weight  of  a  cubic  foot  of  cold  air  outside  will  be 

The  weight  of  a  column  of  hot  gas  H  feet  high  and  one  foot  squa: 
(assuming  uniform  density  and  temperature)  will  be 

WlH  £  •  J  •  (K 

Similarly,  the  weight  of  the  cold-air  column  will  be 

and  the  difference  in  pressure  or  the  intensity  of  draft  will  be 

whore  D  is  in  pounds  per  square  foot. 

By  making  P  =  P2  =  14.7,  T  =  492,  W  =  0.0807,  Wi  =  0.0ft 
and  l)x  =  pressure  in  inches  of  water  (Di  =  0.192  D),  equation  (55 
assumes  the  familiar  form 

Dl  =  H(i^.i^y  (56 

By  assuming  W  =  Wi  =  0.081  and  P  =  14.7  equation  (55)  may  hi 

written 

Dx  =  0.52  HP,  (jt-t)-  '      (57) 

This  latter  form  is  ordinarily  used  where  the  atmospheric  pressure dif- 
U'Y>  ruiisiderably  from  that  at  sea  level,  as  at  high  altitudes.  Table 41 
gives  the  density  of  air  and  chimney  gases  at  various  temperatures. 
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Example:  Required  the  maximum  theoretical  draft  obtainable  from 
a  chimney  150  feet  high,  atmospheric  pressure  14.7  pounds  per  square 
inch,  temperature  of  outside  air  60  degrees  F.,  temperature  of  chimney 
gases  550  degrees  F. 

Here  H  =  150,  T%  =  460  +  60  =  520,  Tx  -  460  +  550  =  1010. 

Substituting  these  values  in  equation  (55), 

Di  =  150f-^r  —  1  *     J  =  1.02  inches  of  water, 

which  is  about  20  per  cent  greater  than  the  draft  actually  obtained, 
and  represents  the  maximum  possible  under  the  given  conditions, 
neglecting  the  resistance  offered  by  the  chimney  and  the  pressure 

TABLE  4L 


DENSITY  AND  SPECIFIC  VOLUME 

OF  AIR  AND  CHIMNEY  GASES  AT 

VARIOUS  TEMPERATURES. 

Air. 

Chimney  Gases. 

1 

9 

V 

d 

t 

d 

t 

d 

t 

d 

0 

11.581 

.935 

.086353 

200 

.06334 

430 

.04695 

660 

.03730 

5 

11.706 

.945 

.085424 

210 

. 06239 

440 

.04643 

670 

.03697 

10 

11.832 

.955 

.084513 

220 

.06147 

450 

.04592 

680 

.03665 

15 

11.931 

.965 

.083623 

230 

.06058 

460 

.04542 

690 

.03633 

20 

12.085 

.976 

.082750 

240 

.05971 

470 

.04493 

700 

.03602 

25 

12.211 

.986 

.081895 

250 

.05887 

480 

. 04445 

710 

.03571 

30 

12.337 

.996 

.081058 

260 

.05805 

490 

.04398 

720 

.03540 

32 

12.387 

1.000 

.080728 

270 

.05726 

500 

.04353 

730 

.03511 

35 

12.463 

1.006 

.080238 

280 

.05648 

510 

. 04308 

740 

.03481 

40 

12.589 

1.016 

.079434 

290 

.05573 

520 

.04264 

750 

.03453 

45 

12.715 

1.026 

.078646 

300 

.05499 

530 

.04221 

760 

.03424 

50 

12.841 

1.037 

.077874 

310 

.05428 

540 

.04178 

770 

.0339G 

55 

12.967 

1.047 

.077117 

320 

.05358 

550 

.04137 

780 

.03369 

60 

13.093 

1.057 

.076374 

330 

.05290 

560 

.04096 

790 

.03342 

62 

13.144 

1.061 

.076081 

340 

.05224 

570 

.04056 

800 

.03316 

05 

13.220 

1.067 

.075645 

350 

.05159 

580 

.04017 

900 

.03072 

70 

13.346 

1.077 

.074930 

360 

.05096 

590 

.03979 

1000 

.02861 

75 

13.472 

1.087 

.074229 

370 

. 05035 

600 

.03942 

1100 

.02678 

80 

13.598 

1.098 

.073541 

380 

.04975 

610 

.03905 

1200 

.02516 

85 

13.724 

1.108 

.072865 

390 

.04916 

620 

.03869 

1300 

.02373 

90 

13.851 

1.118 

.Q72201 

400 

.04859 

630 

.03833 

1400 

.02245 

05 

13.976 

1.128 

.071550 

410 

. 04803 

640 

.03798 

1500 

.02131 

100 

14.102 

1.138 

.070910 

420 

. 04749 

650 

.03764 

1800 

.01848 

210 

14.354 

1.159 

. 069665 

2000 

.01698 

1 

■  ■  density,  pounds  per  cubic  foot. 

'  ■  temperature,  degrees  F. 

*  ■  specific  volume,  cubic  foot  per  pound. 

•■comparative  volume,  volume  at  32°  =»  1. 

Density  of  chimney  gas  taken  0.085  pound  per  cubic  foot  at  32°  F.  and  29.92 
■dfcs  of  mercury. 

OUnkiiie, "  Steam  Engine,"  gives  the  density  at  32°  F.  as  varying  from  0.084  to 
Mft) 
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Tempwature  of  tlx 

External 

„- 

-,„„„ 

atcr,  14 

7  Pounds  per  Square  Inch.' 

""*■ 

0° 

10° 

,„■> 

SO8 

40° 

50* 

60" 

T°° 

SO* 

BO" 

" 

200 

MS 

.410 

.384 

.353 

321 

.292 

.903 

.234 

.  209 

.  1 32 

220 

4^S 

.458 

.410 

.388 

3.15 

.328 

.288 

.200 

.244 

.117 

A 

240 

.WO 

.488 

.451 

.421 

388 

.860 

.830 

.301 

.276 

.  m 

260 

655 

.528 

.484 

.453 

4J0 

.302 

.888 

.884 

.309 

.281 

280 

684 

,540 

.515 

.482 

451 

.422 

.804 

.866 

.340 

..-(13 

":■ 

300 

611 

.570 

.641 

.511 

478 

.449 

.420 

.80S 

.  387 

.340 

.1 

320 

SS7 

.603 

.668 

.538 

60S 

.476 

.447 

.41* 

,394 

.  367 

340 

863 

.688 

.603 

.563 

530 

.601 

.472 

.448 

.4lil 

.  302 

360 

6S7 

.663 

.618 

.588 

655 

.626 

.407 

.468 

.■544 

.417 

380 

no 

.676 

.641 

.611 

578 

.549 

.830 

.402 

.467 

.440 

400 

732 

.607 

.682 

.632 

608 

.SW 

.641 

.813 

,488 

.461 

420 

763 

.718 

.684 

.653 

620 

.HI 

.663 

.684 

.  SOB 

.481 

440 

771 

.730 

.705 

.674 

641 

.CIS 

.684 

.8KB 

.530 

.503 

400 

703 

.768 

.724 

.694 

660 

.03:2 

.003 

.674 

.54'.) 

;,.-: 

4S0 

810 

.776 

.741 

.710 

678 

.640 

.680 

.601 

.806 

M 

500 

B20 

.701 

.700 

.730 

607 

.see 

.680 

.610 

.588 

.£88 

650 

803 

.828 

.705 

.762 

m 

.700 

.671 

.644 

.CIS 

.593 

600 

BOS 

.873 

.830 

.807 

776 

.746 

.717 

.600 

,063 

m 

1.  For  any  o(her  height  n 

2.  For  any  other  prwure 


it  Li  ply  the  tabular  Spire  by  - 
aultlply  the  tabular  figure  by  — 


whereffigthatrtitblial 


required  to  impart  velocity  to  the  gases.     Table  42  has  been 

from  formula  (57)  and  gives  the  maximum  theoretical  drnft  in  a  can 

ney  100  feet  high  for  different  flue-gas  temperatures. 

The  intensity  of  draft  required  to  produce  best  results  depends 
the  kind  and  condition  of  fuel,  the  thickness  of  tire,  character  of  pa 
and  resistance  of  the  breeching,  tubes,  baffles,  dampers,  etc.     As 
;iln>vc.  the  loss  of  draft  in  the  chimney  proper  approximates  20per  c» 
of  the  total,  that  in  the  breeching  is  taken  as  0.1  inch  per  100  feet 
:tnd  0.0.1  inch  fur  each  right-angle  bend;    the  loss  in  the  boiler 
from  0,:i  to  0.0  inch,  depending  upon  the  type;*  the  In—  ^  the  t 
varied  between  wide  limits,  and  depends  upon  the  kind  of^^H 
rate  of  combustion.     The  curves  In  Fig.  155  compiled  by  IrH 
Company  :ind  published  in  their  book  "Stirling"  give  the  furrH 
necessary  tn  burn  various  kinds  of  fuels  at  different  combust." 
and  give  an  idea  of  the  influence  of  the  character  of  the  fuel 
rate  of  com  bus!  ion. 

•  Specific  fifturcs  m;iy  he  obt-  be  manufacturers. 
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Example:  Determine  the  probable  draft  necessary  to  burn  30  pound 
bituminous  run  of  mine  per  hour  per  square  foot  of  grate  when  the  oir 
side  air  is  60  degrees  F.,  the  temperature  of  the  chimney  gases  55 
degrees,  and  the  flue  is  100  feet  long,  with  two  right-angle  bends. 

The  losses  will  be  divided  approximately  as  follows: 

Inch. 

Loss  in  furnace  (from  curves  in  Fig.  155) 0.17 

Lass  in  boiler  (average) 0.40 

Loss  in  flue,  100  feet  at  0.10  per  100 0.10 

Loss  in  turns,  2  X  0.05 0.10 

0.77 
Since  the  loss  in  the  chimney  alone  approximates  20  per  cent  of  t  ] 
total,  0.77  -T-  0.80  =  0.96  will  be  the  maximum  pressure  different: 
From  equation  (56), 

Substituting  for  the  given  values  of  Di,  Tt,  and  Tt  in  above  equatio 


nQr      „/7.64       7.95N 
°-96  =  "( 620  " I0l0> 


from  which  H  =  142,  height  of  stack  necessary  to  produce  a  draf 
of  0.17  inch  in  the  furnace. 

Table  43  gives  the  results  of  a  test  of  a  100-foot  unlined  steel  chimney, 
showing  the  variation  in  draft  at  different  points  in  the  stack. 

The  curves  in  Figs.  156  and  157  are  taken  from  Bulletin  21,  U.  S.Bureau 
of  Mines,  1911,  and  are  of  interest  in  illustrating  the  pressure  drops 
throughout  the  l>oiler  for  different  conditions  of  operation.  Fig.  156 
shows  the  pressure  drops  through  the  combustion  chamber  and  over  the 
fuel  bed  for  a  hand-fired  Heine  boiler  when  the  total  drop  from  ash  pit 
to  uptake  is  varied  and  the  resistances  to  flow  of  gas  are  kept  constant. 
Fig.  157  shows  the  pressure  drops  through  the  same  equipment  when 
the  total  drop  is  varied  and  the  resistances  to  flow  are  kept  constant. 
The  curves  show  that  the  drop  through  any  portion  of  the  path  of  the 
gases  bears  a  constant  ratio  to  the  total  drop,  provided  the  resistances 
to  the  flow  of  gases  remain  constant.  For  further  data  bearing  out 
this  fact  consult  the  bulletin  referred  to. 

Tin  or  y  of  Chirn  my  Draft:  National  Engineer,  Dec,  1911,  p.  688,  Jan.,  191% 
p.  W;  Power.  Mareh,  190<>,  Feb.,  1900,  p.  12;  Engr.  U.  S.,  Jan.  15,  1903,  May  15* 
1902.  p.  :u:J:   Trans.  A.S.M.K.,  11-451,  702,  772,  974,  984;   Bulletin  No.  21,  U.S. 

Bureau  of  Mines.  1911. 

145.   Chimney    Formulas.  —  Rational    methods    of    determining  the 

height  and  area  of  chimneys  being  cumbersome  and  unwieldy  and  of 
doubtful  value  for  practical  use,  the  various  empirical  formulas  out- 
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its  of  800  horse  power  or  more  the  height  of  stack  should 
iss  than  150  feet,  regardless  of  the  kind  of  coal  used. 
Lg  to  Table  44,  formulas  (1),  (2),  (6),  (7),  and  (9)  are  based 
A  consumption  of  13  to  15  pounds  of  anthracite  and  22  to  26 

bituminous  coal  per  square  foot  of  grate  area  per  hour.  In 
3),  (4),  and  (9),  the  diameter  is  dependent  solely  upon  the 
)f  coal  burned  per  hour  and  the  height  is  determined  mainly 
e  of  combustion  per  square  foot  of  grate.  The  results  accord 
practice.  With  western  coals  formula  (3)  gives  results  rather 
and  the  constant  should  be  120  instead  of  180.    Formula  (5) 

the  most  used  and  has  met  with  much  approval.  It  is  based 
sumptions  that 

draft  of  the  chimney  varies  as  the  square  root  of  the  height, 
retardation  of  the  ascending  gases  by  friction  may  be  con- 
le  to  a'diminution  of  the  area  of  the  chimney  or  to  a  lining  of 
ley  by  a  layer  of  gas  which  has  no  velocity  and  the  thickness 
s  assumed  to  be  2  inches.     Thus,  for  square  chimneys, 

£  =  Z)2~lf  =  A~lVJ>  (58) 

>und  chimneys, 

E  =  ?  (d*  -  ™\  =  A  -  0.591  VI.  (59) 

lifying  calculations  the  coefficient  of  VA  may  be  taken  as 
th  square  and  round  chimneys,  and  the  formula  becomes 

E  =  A  -  0.6  VI.  (60) 

horse-power  capacity  varies  as  the  effective  area  E. 
limney  should  be  proportioned  so  as  to  be  capable  of  giving 
draft  to  permit  the  boiler  to  develop  much  more  than  its 
rar  in  case  of  emergencies  or  to  permit  the  combustion  of 
of  fuel  per  rated  horse  power  per  hour. 
e  the  power  of  the  chimney  varies  directly  as  the  effective 
id  as  the  square  root  of  the  height  H,  the  formula  for  horse 
a  given  size  of  chimney  will  take  the  form 

H.P.  =  CE  V7T7  (61) 

C  is  a  constant,  found  by  Mr.  Kent  to  be  3.33,  obtained  by 
he  results  from  numerous  examples  in  practice. 
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The  formula  then  assumes  the  form 

H.P.  =  3.33  E  Vli,  (62) 

or  __ 

H.P.  =  3.33  (A  -  0.6  Vj)  Vu ,  (63) 

from  which 

Table  45  has  been  computed  from  equation  5,  Table  44. 

Many  engineers  simply  adopt  the  following  proportions: 

Internal  area  of  chimney  at  top,  one-seventh  grate  area  for  bitumi- 
nous coal. 

Internal  area  of  chimney  at  top,  one-ninth  grate  area  for  anthracite 
coal. 

Example:  Determine  the  area  and  diameter  of  a  stack  for  a  2000- 
horse-power  plant  to  operate  under  the  following  conditions:  Rated 
load  2000  horse  power;  maximum  overload  40  per  cent  of  rated;  flue 
150  feet  long,  with  one  right-angle  bend;  average  rate  of  combustion 
20  pounds  of  bituminous  coal  per  square  foot  of  grate  surface  per  hour; 
atmospheric  temperature  60  degrees  F.;  flue-gas  temperature  at  over- 
load GOO  degrees  F. ;  coal  burned  per  boiler  horse  power  4  pounds. 

With  modern  types  of  steam  engines  or  turbines  an  overload  of  40 
per  cent  has  little  effect  on  the  economy  of  the  prime  mover,  and  the 
boiler  efficiency  is  but  slightly  reduced,  but  an  additional  allowance  of 
25  per  cent  should  be  made  in  estimating  the  overload  combustion  rate. 

The  maximum  rate  of  combustion  then  will  be 


*>+m»=». 


pounds  per  square  foot  of  grate  surface  per  hour. 

The  draft  required  at  the  point  where  the  flue  enters  the  chimney, 
ron-idcring  the  various  losses,  will  be  found  as  follows: 

Inch. 

I-'iini.'i'-f  r-<'<>  curves,  Fig.  155) 0.3 

I'<mI<  r  / :  t  -  -  u  i  r  i « •  *  1 1 0.4 

I  I  i.  .  ir,o  f»-ct  .it  0.1  inch  per  100  feet 0.15 

T'.rr.   ,   I   :.t  ().()."> '. 0.05 

0.9 

I'  ]'>::,   \* >\  f/jij|:i    i  ")fjj, 
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i 

\  Substituting  the  following  values : 

Tt  =  60  +  460  =  520,        Tx  =  600  +  460  =  1060, 

0.9 
jDi  =  maximum  draft  =  jr«  =  1.12  inch, 


^ 


u?-h(7M    7-95\ 

\520      1060/ 


whence  the  necessary  height  of  stack  is 

H  =  160  feet  (approximately). 

[   Substituting  the  value  of  H  in  Kent's  formula,  the  effective  area  is 

!   found  to  be 

„     0.3 H.P.      0.3X2000      ...  .    A 

E  =  — ;= —  = == —  =  47.5  square  feet, 

VH  vloo 

corresponding  to  an  actual  diameter  of  93  inches. 

The  actual  velocity  of  the  gases  in  a  chimney  is  from  0.25  to  0.35 
of  that  theoretically  possible,  the  latter  being  based  on  the  assumption 
that  the  maximum  theoretical  draft  or  pressure  difference  is  available 
for  producing  velocity.  (See  paragraph  162.)  For  examples  and  cal- 
culations from  actual  tests  see  National  Engineer,  Dec,  1911,  p.  588, 
and  Jan.,  1912,  p.  39. 

146.  Height  of  Chimneys  for  BoUers  using  OU  Fuel.  —  Experimental 
data  relative  to  chimneys  for  boilers  using  oil  fuel  are  rather  meager 
and  discordant,  but  a  study  of  a  number  of  recent  installations  seems 
to  indicate  that  the  area  need  not  exceed  50  per  cent  of  that  required 
by  the  same  boiler  using  bituminous  coal.  A  height  80  to  100  feet 
above  the  grate  usually  affords  sufficient  draft  to  force  the  boilers 
50  per  cent  above  rating,  but  in  a  number  of.  large  installations  the 
chimneys  have  been  designed  on  the  coal-burning  basis  so  as  to  provide 
sufficient  capacity  in  case  it  proves  necessary  at  a  future  date  to  revert 
to  the  use  of  coal.    See  Jour.  A.S.M.E.,  Oct.,  1912,  p.  1499. 

147.  Classification  of  Chimneys.  —  Chimneys  may  be  grouped  into 
three  classes  according  to  the  material  of  construction: 

1.  Steel. 

2.  Reenforced  concrete. 

3.  Masonry. 

Steel  chimneys  have  many  advantages  and  are  finding  much  favor 

fa  large  power  plants,  especially  where  economy  of  space  warrants 

*be  erection  of  the  stack  over  the  boiler,  in  which  case  the  structural 

ork  of  the  boiler  setting  answers  for  both  boiler  and  chimney.    Among 

e  advantages  are:    (1)  ease  and  rapidity  of  construction;    (2)  less 

eight  for  a  given  internal  diameter  and  height;    (3)   less  surface 
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exposed  to  the  wind;    (4)  lower  cost;    (5)  smaller  space  reqi 
(6)  slightly  higher  efficiency  if  properly  calked,  for  there  can  I 
infiltration  of  cold  air  as  is  likely  through  the  cracks  in  masonry, 
chief  disadvantage  is  the  cost  of  keeping  the  stack  well  paints 
prevent  rust  and  the  corrosive  action  of  the  sulphur  in  the  coal. 
Steel  chimneys  may  be: 

1.  Guyed. 

2.  Self-sustained. 

148.  Guyed  Chimneys.  —  Guyed  sheet-iron  or  steel  chimne; 
stacks  held  in  position  by  guy  wires  are  employed  in  small  siz 
account  of  their  relative  cheapness.  They  seldom  exceed  52  inel 
diameter  and  75  feet  in  height.  A  heavy  foundation  is  unnece* 
and  the  stack  may  be  supported  by  the  boiler  breeching.  The 
short  stacks  are  ordinarily  riveted  in  the  shop,  ready  for  ere 
larger  sizes  being  shipped  in  sections  and  riveted  at  the  place  of  i 
lation.  The  guy  wires  are  usually  fastened  to  an  angle  iron  or 
at  about  two-thirds  the  height,  and  anchored  at  a  distance  fror 
base  equal  to  the  height  of  the  band  above  the  ground. 

For  very  tall  stacks  two  sets  of  guys  are  used,  from  four  to  six 
being  fastened  to  each  band,  and  designed  to  withstand  a  wind  pn 
of  30  pounds  per  square  foot  of  projected  area  of  the  stack, 
buckles  are  employed  to  equalize  tautness.  Table  46  gives  the  1 
ness  of  material,  with  approximate  cost  and  weight,  of  guyed  sta< 
different  heights  and  areas. 

TABLE  46. 

APPROXIMATE  WEIGHT  AND   COST  OF  GUYED   SHEET-STEEL  CHIMNl 


Height,  Feet. 

Diameter,  Inches. 

Thickness  of  Shell, 
B.W.G. 

Approximate  W 
per  Foot,  Pou 

40 

18 

16 

13 

45 

20 

16 

14 

45 

22 

14,  16 

20,  15 

50 

24 

14,  16 

22,  16 

50 

26 

14 

23.5 

55 

28 

14 

25 

60 

30 

12,  14 

34,27 

65 

32 

12,  14 

36,  28 

70 

34 

10,  12 

48,39 

75 

36 

10,  12 

51,41 

Approximate  cost  per  pound,  4  cents  to  10  cents,  including  cost  orM 
riveted  and  punched,  ready  for  assembling,  the  >  *  "^g  to  the  i 

stacks. 
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Self-sustaining  Steel  Chimneys.  —  Steel  chimneys  over  52  inches 
aeter  are  usually  self-supporting.  They  may  be  built  with  or 
t  a  brick  lining,  but  the  lining  is  preferred,  since  it  prevents 
m  and  protects  the  inside  from  the  corrosive  action  of  the  flue 
Since  the  lining  plays  no  part  in  the  strength  of  the  chimney,  it 
e  only  thick  enough  to  support  its  own  weight,  and  usually  of 
prade  fire  brick  or  carefully  burned  common  brick  or  both.  In 
3  practice  the  fire  brick  extends  20  or  30  feet  above  the  breeching, 
aainder  of  the  lining  being  of  common  brick.  In  chimneys  up 
aches  internal  diameter,  the  upper  course  is  4£  inches  thick  and 
es  4J  inches  in  thickness  for  each  30  to  40  feet  to  the  bottom. 
;er  chimneys  about  8  inches  is  the  minimum  thickness.  The 
a  generally  set  in  contact  with  or  close  to  the  shell,  though  a 
f  from  1  to  2  inches  is  sometimes  left  between  the  brickwork  and 
11  to  allow  for  expansion.    This  space  is  occasionally  filled  with 

sustaining  stacks  may  be  straight  or  tapered,  and  are  generally 
rith  a  flared  or  bell-shaped  base  whose  diameter  and  length  are 
times  the  internal  diameter  of  the  stack.  The  base  is  riveted 
avy  cast-iron  plate  bolted  to  a  concrete  foundation  of  sufficient 
)  insure  stability. 

158  gives  the  details  of  one  of  the  steel  chimneys  at  the  power 
>f  the  South  Side  Elevated  Railroad,  Chicago,  111. 
Fhlekness  of  Plates.  —  The  sheet  is  thickest  at  the  bottom, 
ing  toward  the  top  of  the  stack.  The  proper  thickness  for  any 
ection  may  be  determined  by  treating  the  shaft  as  a  uniformly 
cantilever,  the  stresses  being  expressed  by  the  equation 

>h 

=  the  total  wind  pressure  in  pounds, 

=  length  of  the  chimney  in  inches  to  the  center  of  wind  pressure 
(h  =  L/2  for  a  cylindrical  chimney), 

=  safe  stress.  A  low  value  of  6000  pounds  per  square  inch  for 
single-riveted  joints  and  8000  for  double-riveted  joints  is 
recommended,  for  the  reason  that  a  tube  of  such  large 
diameter  with  thin  walls  will  hardly  fail  by  rupture  accord- 
ing to  the  formula,  but  by  flattening  and  bending. 

B  sectional  modulus, 

■  external  diameter  of  the  shell,  inches, 

■  internal  diameter  of  the  shell,  inches. 
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For  chimneys  under  7  feet  in  diameter  and  150  feet  in  height  the  thick- 
ness of  plate  should  not  be  less  than  ft-  inch,  nor  less  than  \  inch  for 
larger  sizes. 

It  is  customary  to  make  the  courses  about  5  feet  in  height  for  con- 
venience in  erection. 

Table  47  gives  the  dimensions  of  self-supporting  steel  stacks  as  made 
by  the  Riter  Conley  Company  of  Pittsburg,  who  use  the  following 
empirical  formula  in  determining  the  thickness  of  the  shell, 

M 


Si  = 


0.8  A2' 


(66) 


in  which 

Si  =  stress  per  lineal  inch  of  section  considered, 
Af  =  wind  moment  in  inch-pounds,  and 
Di  =  diameter  of  the  shaft  in  inches. 

Allowing  8000  pounds  per  square  inch  as  the  safe  stress  for  single- 
riveted  joints  and  10,000  for  double-riveted  joints,  the  required  thick- 
Ma  is  found  by  dividing  Sx  by  8000  or  10,000. 

Example:  Determine  the  thickness  of  plate  at  a  section  150  feet 
from  the  top  of  a  cylindrical  steel  stack  12  feet  in  diameter  and  200 
feet  high.    Horizontal  seams  to  be  double  riveted. 

The  total  wind  pressure  on  the  section  is 

150  X  12  X  25  =  45,000  pounds. 

The  moment  arm  is 

H*-  X  12  =  900  inches. 

Di  =  144  inches;  S  =  8000  pounds  per  square  inch. 

TABLE  47. 

STEEL  8TACK8.  —  SIZES  OF  RITER  CONLEY  COMPANY,  PITTSBURG. 


Dtaneter 

of  Flue. 

Total 
Height. 

Total 
Weight. 

How  Made. 

ft  In. 

5   6 

7  0 

8  6 

10  0 
U  0 

11  6 
IS  0 

Ft. 
165 

160 

150 
200 
200 

225 

255 

Lb. 
67,000 

79,000 

94,000 
150,000 
175,000 

232,000 

256,000 

40  ft.  of  A  in.,  45  ft.  of  \  in.,  50  ft.  of  A  in.,  30  ft.  of 

t  in. 
30  ft.  of  A  in.,  50  ft.  of  \  in.,  50  ft.  of  A  in.,  30  ft.  of 

f  in. 
60  ft.  of  J  in.,  60  ft.  of  A  in.,  30  ft.  of  f  in. 
90  ft.  of  i  in.,  60  ft.  of  A  in.,  50  ft.  of  f  in. 
35  ft.  of  i  in.,  35  ft.  of  &  in.,  35  ft-  of  A  in.,  35  ft. 

of  H  in.,  35  ft.  of  f  in.,  25  ft.  of  J}  in. 
40  ft.  of  1  in.,  40  ft.  of  &  in.,  40  ft.  of  A  in.,  40  ft.  of 

H  in.,  40  ft.  of  j  in.,  25  ft.  of  A  in. 
75  ft.  of  i  in.,  65  ft.  of  A  in.,  55  ft.  of  }  in.,  35  ft. 

of  A  in.,  25  ft.  of  J  in. 
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Substituting  these  values  in  equation  (65), 

45,000  X  1800      finn_  v  3.14  /144«  -  J»«\ 
2 =  8000X-32-^      144      j 

Dt  =  143.36. 

Now  t  =  M 

144  -  143.36 
2 

=  0.32  inch. 

The  nearest  commercial  size  lies  between  nine-thirty-eeconds  and 
five-sixteenths. 
The  Riter  Conley  formula  gives  for  this  section 

M         45,000  X  900 
1      0.8  A*        0.8  X  144* 

=  2440  pounds, 

S,        2440      .___.    . 
1  =  8000  =  8000  "  °-305  mch' 

151.  Riveting.  —  The  diameter  of  rivets  should  always  be  greater  than 
the  thickness  of  the  plate  but  never  less  than  one-half  inch.  The 
pitch  should  be  approximately  2\  times  the  diameter  of  the  rivet,  and 
always  less  than  16  times  the  thickness  of  the  plate.  Single-riveted 
joints  are  ordinarily  used  on  all  sections  except  the  base,  where  the 
joint  should  be  double  riveted  with  rivets  staggered,  although  in  very 
large  stacks  all  horizontal  seams  are  double  riveted  to  give  greater 
stiffness  to  the  shaft. 

152.  Stability  of  Steel  Chimneys.  —  The  wind  being  ordinarily  the 
only  force  tending  to  overturn  the  stack,  and  the  chimney  being  rigidly 
bolted  to  the  foundation,  a  condition  of  stability  requires  that 

(Wc  +  H»  j  be  equal  to  or  greater  than  P  (~  +  h\         (67) 

in  which 

IT,.  =  weight  of  the  chimney  in  pounds, 
II V  =  weight  of  the  foundation, 

P  =  total  wind  pressure  in  pounds, 
D,  II,  and  //,  in  feet,  as  indicated  in  the  figure. 
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ed  graphically:  Lay  off  GPf  Fig.  159,  equal  to  the  total  wind 
1  direction  and  amount  and  acting  at  the  center  of  pressure 
ait;  lay  off  GW  equal  to  the 
the  stack  and  foundation;  find 
iant  GR  and  produce  it  to 
:he  base  line  as  at  R';  if  R' 
n  the  inner  third  of  the  base 
is  stable,  provided,  of  course, 
chimney  is  properly  designed 
ructed.  Therefore  the  heavier 
iied  weight  of  the  chimney  and 
tion  the  more  stable  the  struc- 
e  also  paragraph  157.) 
5.  159  varies  from  one-tenth  to 
ith  Ht  depending  upon  the  char- 
ge subsoil.  For  the  ordinary 
3undation,  Christie  ("Chimney 
id  Theory,"  p.  57)  gives  as  an 
due  for  D 


D  = 


H2d 


+  10. 


26,000 

nney8:  Elec.  Rev.,  Apr.  7,  1911. 


(68) 


Fig.  159. 


ck  Chimneys.  —  By  far  the  greater  number  of  power-plant 
are  of  brick  construction  and  usually  of  circular  section, 
tagonal,  hexagonal,  and  square  sections  are  quite  common. 
1  chimney  requires  the  least  weight  for  stability,  and  the 
.he  order  mentioned.  Taking  the  total  wind  pressure  on  the 
e  of  a  square  stack  as  unity,  the  effective  pressure,  according 
e,  for  the  same  projected  area  will  be  0.75  for  the  hexagonal, 
octagonal,  and  0.5  for  the  round.  Henry  Adams,  Industrial 
Lg,  March,  1912,  p.  199,  states  that  these  figures  are  not  in 
)h  modern  experiments,  and  gives  the  following  multipliers: 
d  chimney,  0.785;  for  an  octagonal  chimney,  0.82. 
limneys  may  be  divided  into  two  general  classes: 

ie  shell,  Fig.  160,  and 
ble  shell,  Fig.  162. 

lble  shell  is  the  more  common  and  consists  of  an  outer  shaft 
irk  and  an  inner  core  or  lining  extending  part  way  or  through 
tire  length  of  the  shaft. 


W,  tTiJ-.H  V/KVZ.  YL&SZ  DiSDHEEJC 
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single  shell  is  the  general  construction  where  carefully  burned 

ected  brick  not  easily  affected  by  the  heat  arp  used.    As  the 

3re  or  lining  'is  independent 

outer  shell  and  has  no  part 

strength  of  the  chimney,  the 

>r  determining  the  thickness 

vails  are  practically  the  same 

1  single  and  double  shell. 

Thickness  of  Walls.  —  The 

ss  of  the  wall  should  be  such  \  1BBB 

require  minimum  weight  of         ^  ^       ,.  „  J.  ,  „  .  , 

.   i        A,  ,  *  Fiq.  161.     Custodis  Radial  Brick. 

A  for  the  proper  degree  of 

y,  due  consideration  being  paid  to  the  practical  requirements  of 
ction.  The  thickness  does  not  vary  uniformly,  but  decreases 
>ttom  to  top  by  a  series  of  steps  or  courses  as  in  Fig.  163.  In 
,  the  thickness  at  any  section  should  be  such  that  the  resultant 
)f  wind  and  weight  of  shaft  will  not  put  the  masonry  in  tension 
windward  side  or  in  excessive  compression  on  the  leeward  side, 
circular  chimneys  using  common  red  brick  for  the  outer  shell 
lowing  approximate  method  gives  results  in  conformity  with 
3  practice: 

t  =  4  +  0.05  d  +  0.0005  H ,  (69) 

thickness  in  inches  of  the  upper  course,  neglecting  ornamenta- 
tion, and  should,  of  course,  be  made  equal  to  the  nearest 
dimension  of  the  brick  in  use.  Ordinary  red  bricks  measure 
8J  X  4  X  2, 

clear  inside  diameter  at  the  top,  inches. 

height  of  stack,  inches. 

oning  at  the  top  with  this  thickness,  add  one-half  brick,  or 
s,  for  each  25  or  30  feet  from  the  top  downwards,  using  a  batter 
30  to  1  in  36. 

minimum  value  of  t  for  stacks  built  with  inside  scaffolding 
be  7  inches  for  radial  brick  and  S\  inches  for  common  brick, 
inner  wall  will  not  support  the  scaffold.  Radial  brick  for  chim- 
e  made  in  several  sizes,  so  that  the  thickness  of  the  walls  when 
e  used  increases  by  about  2  inches  at  the  offsets, 
specially  molded  radial  brick  or  for  circular  shells  reenforced  as 
162  the  length  of  the  different  courses  may  be  much  less  than 
ibove.  The  external  form  of  the  top  is  a  matter  of  appears 
ly  be  designed  to  suit  the  taste,  but  should  be  protected 
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(t-iron  or  tile  cap  and  provided  with  lightning  rods.  Ladders  for 
ching  the  top  of  the  chimney  are  generally  located  inside  of  brick 
cks  and  outside  of  steel  ones. 

Professor  Lang's  rule  (Eng.  Rec.,  July  20,  1901,  p.  53)  for  determin- 
the  length  of  the  different  courses  is  (Fig.  163) 


d 


=  c(20t  +  60i  +  0.1056.  G  +  2.5^  +  656 tana  -0.007  # 


-  0.453  p 


-  18.7), 


(70) 


ffhich 

t  =  length  of  the  course  under  consideration, 
'  =  constant  =  1  for  a  circular,  0.97  for  an 

octagonal,  and  0.83  for  a  square,  chimney, 
i  =  increase  in  thickness  for  each  succeeding 

section  in  feet, 
!  =  weight  per  cubic  foot  of  brickwork, 
1  =  wind  pressure,  pounds  per  square  foot, 
=  angle  of  the  internal  batter, 
dl  other  notations  as  indicated  in  Fig.  163. 

or  chimneys  over  100  feet  in  height  he  recom- 
ids  that  100  be  used  instead  of  the  actual 
;ht,  since  the  critical  point  will  be  in  one  of 
lower  sections  and  not  at  the  base. 
f  a  value  of  A  is  obtained  which  is  not  contained 
Jven  number  of  times  in  H ,  it  may  be  slightly 
eased  or  decreased  so  as  to  effect  this  result. 

0  determine  the  stresses  at  any  section  the 
t  is  treated  as  a  cantilever  uniformly  loaded 

1  a  maximum  wind  pressure  of  25  pounds  per 
ire  foot.  If  the  tension  on  the  windward  side 
tracted  from  the  compression  leaves  a  positive 
ainder,  the  chimney  will  be  stable;  if  the  remainder  is  negative,  the 
onry  will  be  in  tension,  which  it  withstands  but  feebly.  The  sum  of 
compressive  stresses  pn  the  leeward  side  due  to  wind  pressure  and 
jht  must  be  less  than  the  crushing  strength  of  the  masonry.  The 
Jtice,  however,  of  assuming  a  fixed  value  for  allowable  pressure 
jpective  of  the  height  of  the  stack  gives  dimensions  that  are  too 

for  small  stacks  and  too  high  for  large  stacks.  According  to 
fessor  Lang,  compressive  stress  on  the  leeward  side  in  pounds  per 
ire  inch  with  single  chimneys  should  not  exceed 

p  =  71  +  0.65  L, 
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where 

p  =  pressure  in  pounds  per  square  inch, 

L  =  distance  in  feet  from  top  of  chimney  to  the  section  in  question. 

With  double  shell  p  =  85  +  0.65  L.  (72) 

The  tension  on  the  windward  side  should  not  exceed, 

for  single  shell :  p  =.  (18.5  +  0.056  L),  (73) 

for  double  shell:  p  =  (21.3  +  0.056 L).  (74) 

Example:  Determine  the  maximum  stress  in  the  outer  fibers  of  the 
brickwork  at  the  base  of  section  8  of  the  chimney  illustrated  in  Fig.  160 
when  the  wind  is  blowing  100  miles  an  hour.*  Assume  the  weight  of 
the  brickwork  120  pounds  per  cubic  foot. 

A  wind  velocity  of  100  miles  per  hour  is  estimated  to  exert  a  pressure 
of  50  pounds  per  square  foot  on  a  flat  surface  and  approximately  25 
pounds  per  square  foot  of  projected  area  on  a  cylindrical  surface.  The 
height  of  the  chimney  to  section  8  is  131.4  feet.  The  projected  area 
as  computed  from  the  figure  is  1800  square  feet.  Hence  p,  the  total 
wind  pressure,  is  1800  X  25  =  45,000  pounds.  The  volume  of  brick- 
work above  section  9  may  be  calculated,  and  is  6150  cubic  feet,  hence 
the  weight  W  =  6150  X  120  =  738,000  pounds. 

The  area  of  the  joint  at  this  section  is  75.3  square  feet,  therefore  the 
pressure  due  to  the  weight  of  the  superimposed  brickwork  is  738,000 
divided  by  75.3  =  9800  pounds  per  square  foot.  To  find  the  stress 
due  to  the  wind  pressure,  substitute  the  proper  values  in  equation  (65): 


Ph  =  S-e  =  0.0983  (Dl'D  °*\S. 


Here 

P  =  45,000  as  computed  above, 

h  =  55  feet  (found  by  laying  out  the  section  and  locating  the 
center  of  gravity), 
Di  =  16.2, 
D  =  12.9, 

whence 

Ifi  9*  —  19  Q* 

45,000  X  55  =  0.0983  '        S, 

lo.2 

from  which  aS  =  9907  pounds  per  square  foot. 

*  A  serious  difference  of  opinion  exists  as  to  the  effective  pressure  of  wind  on 
chimneys  of  different  shapes,  but  in  lieu  of  accurate  experimental  data  to  the  cob* 
trary  the  figures  given  herewith  may  be  used  with  confidence,  since  a  vast  numbe* 
of  -tacks  based  upon  the  figures  are  successfully  withstanding  gales  of  from  60  to 80 

miles  an  hour. 


/ 


CHIMNEYS  271 

The  net  stress  oil  any  part  of  the  section  is  the  resultant  of  that  due 
to  the  weight  of  the  stack  and  that  caused  by  the  wind,  the  net  stress 
on  the  windward  side  being 

9907  —  9800  =  107  pounds  per  square  foot, 

which  is  evidently  a  tensile  stress  and  should  never  exceed  the  value 
given  by  formula  (73) : 

p  -  (18.5  +  0.056  L) 
-  (18.5  +  0.056  X  131.4) 
=  25.8  pounds  per  square  inch 
=  3715  pounds  per  square  foot. 

The  net  compressive  stress  on  the  leeward  side  is  9800  +  9907 
=  19,707  pounds  per  square  foot,  which  should  not  exceed  that  given 
by  formula  (71) : 

p  =  71+0.65L 
=  71  +  0.65  X  131.4 
=  156.4  pounds  per  square  inch 
=  22,521  pounds  per  square  foot. 

See  also  analysis  of  steel-concrete  chimney,  paragraph  159.) 
lit.  Core  and  Lining.  —  The  core  or  lining  of  a  brick  chimney  is 
ommonly  carried  to  the  top  of  the  shaft,  though  it  sometimes  extends 
«Jy  part  of  the  distance.  The  inside  diameter  is  generally  uniform, 
he  offsets  being  made  on  the  outside.  The  core  and  outer  shell  should 
e  independent  to  prevent  injury  due  to  expansion  of  the  core.  The 
ules  for  the  thickness  of  lining  in  steel  chimneys  apply  also  to  brick 
himneys.  The  batters  for  the  inner  and  outer  shells  should  be  such 
8  to  allow  at  least  2  inches  clearance  between  the  two  shafts  at  the 
op,  and  the  top  should  be  protected  by  an  iron  ring  or  by  a  projecting 
xlge  from  the  outer  shell. 

UC  Materials  for  Brick  Chimneys.  —  Brick  for  the  external  shaft 
hould  be  hard  burned,  of  high  specific  gravity,  and  laid  with  lime 
aortar  strengthened  with  cement.  Lime  mortar  itself  is  more  resist- 
at  to  heat,  but  hardens  slowly  and  may  cause  distortion  in  newly 
fleeted  stacks,  and  hence  should  be  used  only  when  a  long  time  is 
aken  in  building.  Mortar  of  cement  and  sand  alone  is  not  to  be 
^commended,  since  it  does  not  resist  hoat  well  and  is  attacked  by 
arbon  dioxide,  particularly  in  the  presence  of  moisture.  A  mortar 
coasting  of  1  part  by  volume  of  cement,  2  of  lime,  and  6  of  sand 
toy  be  used  for  the  upper  brickwork,  1,  2£,  and  8  respectively  for  the 
°wer  part,  and  1,1,  and  4  respectively  for  the  cap.  The  harder  the 
Hick  the  more  cement  is  necessary,  as  lime  does  not  cling  so  well  *~ 
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hard,  smooth  surfaces.  The  inner  core  may  be  constructed  < 
class  fire  brick,  since  the  temperature  seldom  exceeds  600  t 
Lime  mortar  is  invariably  used  for  the  t 
157.  Stability  or  Brick  Chimneys.  —  \Y 
is  no  wind  blowing  and  the  chimney  is  I 
metrically  about  a  vertical  axis  the  press 
weight  is  uniformly  distributed  over  th 
surfaces,  and  the  center  of  pressure  lies 
XX,  Fig.  164.  But  when  the  wind  I 
pressure  exerted  tends  to  tilt  the  shaft  t 
x  column  in  the  directi 

current,  and  the  resul 
sure  at  the  windwar 
the  base  decreases,  u 
a  sufficiently  high  v 
wind,  it  may  becomi 
which  case  the  cente: 
sure  moves  a  distance 
the  leeward  side  of 
As  soon  as  the  press 
becomes  zero  the  joi 
to  open  (assuming  no 
between  chimney  and 
F«>- 164-  the  shaft   is   evident! 

condition  of  least  stability.  The  distance  q  through  which  l 
of  pressure  has  moved  is  called  the  radius  of  the  statical  rrwn, 
any  column  it  may  be  shown  that 

q  =  -7—  (Rankine,  "Applied  Mechanics,"  p.  229), 
in  which 

I  =  moment  of  inertia  of  the  section, 
A  =  area  of  the  section, 

e  =  distance  from  the  center  of  the  shaft  to  the  outeret 
joint. 
Thus  for  circular  section*  q  =  -^  ■ 

For  square  section, 

For  annular  circular  ring, 

l«\ir  hollow  square, 


D 
*=6' 

_  z>3  +  <r- 

hd   ' 

_  D2  +  rf3 
"      6Z>     ' 
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ship  between  weight  o)F  shaft  and  wind  pressure  for  the 
least  stability  is 

Ph  =  Wq,  (76) 

wind  pressure,  pounds, 

nee  in  feet  from  the  base  line  of  the  section  under  con- 
ation to  center  of  gravity  of  that  section, 

it  of  shaft  in  pounds  above  the  assumed  base  line, 

is  of  the  statical  moment 

tion  of  least  stability  for  round  chimneys  requires,  there- 

D2  -4-  d2 

Ph  =  w^h^-  (77) 

urposes  it  is  sufficiently  accurate  to  assume  D  =  d,  and 
)  becomes 

Ph  =  W  -r  for  round  chimneys,  (78) 

Ph  =  IT— for  square  chimneys.  (79) 

sommonly  used  in  Germany,  and  which  is  finding  some 
engineers  in  the  United  States,  gives  for  the  condition  of 

Y 

R  +  ir)  =Ph.     (Eng.  Rec,  July  27, 1901,  p.  82.)  (80) 

as  in  Fig.  162,  all  dimensions  in  feet, 
its  of  a  lighter  chimney  than  equation  (77),  and  the  maxi- 
pressure  may  be  assumed  to  put  the  jointjon  the  wind- 
tension  or  even  to  permit  a  slight  opening  of  same, 
humb  for  stability  is  to  make  the  diameter  of  the  base  one- 
height  for  a  round  chimney;  for  any  other  shape  to  make 
r   of  the  inscribed  circle  of  the  base  one-tenth  of  the 

'  of  stability  is  the  quotient  obtained  by  dividing  the  value 
>rmula  (76)  by  that  from  (75).     If  less  than  unity,  the 
l  tension  at  the  outer  fiber  on  the  windward  side,  and  must 
i  unless  the  tension  is  less  than  that  allowed  by  equ 
lations  for  stability  should  be  made  for  various  sectiof 
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Example:  Analyze  the  chimney  illustrated  in  Fig.  160  for  stability 
at,  say,  section  8,  the  following  data  referring  to  the  portion  above  the 
base  line  of  this  section. 

From  the  drawing: 

Projected  area  of  the  stack,  1800  square  feet. 
Volume  of  brickwork,  6150  cubic  feet. 
Outside  diameter  of  base,  16.2  feet. 
Inside  diameter  of  base,  12.9  feet. 
Center  of  pressure  to  base  line,  55  feet. 
Total  height  above  base  line,  131.4  feet. 
Maximum  total  wind  pressure: 

P  =  1800  X  25  =  45,000  pounds. 

Weight  of  shaft: 

W  =  6150  X  120  =  738,000  pounds. 

For  stability,  according  to  equation  (55), 

D2  +  d« 


Ph<  W 


SD 


Substituting  the  proper  values: 

Ph  =  45,000  X  55  =  2,475,000  foot-pounds. 

w  5^  -  mm  (M±gS)  .  ,,„,,«*,. 

D2  +  d2 
While  Ph  is  slightly  greater  than  W — g-~ — ,  for  practical  purposes 

the  shaft  at  this  section  would  be  called  stable  under  maximum  allow- 
able wind  pressure. 

For  stability,  according  to  equation  (80), 

Ph<WQR  +  ir), 

Ph  =  2,475,000,  as  determined  above, 

irgfl  +  Jr)- 738,000(^  +  5^ 

=  4,177,000. 

Ph  is  therefore  considerably  less  than  W  (-J-  R  +  J  r),  and  the  con- 
dition imposed  in  equation  (80)  is  more  than  fulfilled. 

The  Design  of  Tall  Chimneys:    Henry  Adams,  Industrial  Engineering,  MtfA 
L'Ui  p.  li>S.     Design  of  a  Brick  Chimney:  Eng.  News,  May  9,  1912,  p.  866. 
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■dh  Radial  Brick  Chimney.  —  Fig.  160  gives  the  details  of 
-foot  radial  brick  chimney  constructed  of  special  molded 
,  formed  to  suit  the  circular  and  radial  lines  of  each  section, 

ting  them  to  be  laid  with  thin,  even  mortar  joints.  The 
nuch  larger  than  common  brick  and  the  number  of  joints  i.s 
tely  reduced.  They  are  molded  with  vertical  perforations, 
i  Fig.  161,  which  permits  thorough  burning,  thereby  in- 
!  density  and  strength  and  at  the  same  time  reducing  the 
he  block.  In  laying,  the  mortar  is  worked  into  the  per- 
xmt  one-half  inch.  The  first  60  feet  above  the  base  are 
n  section,  with  36-inch  walls,  and  the  balance  of  circular 
h  walls  tapering  gradually  from  22  inches  to  7j  inches  in 

\  radial  brick  lining  extends  60  feet  from  the  base  as  in- 
lir  chimney  waa  designed  to  [umiah  draft  for  a  3500-horse- 
r  plant  and  cost,  erected,  $8,800.  The  entire  weight  of  the 
Erosive  u!  foundation  is  870  tons. 

rick  chimneys  without  the  inner  lining  are  likely  to  be 
:t«il  by  heat. 
■st  chimney  in  the  world   (1912),   located  at  Great  Falls, 

the  Custodis  type,  and  is  used  for  leading  uff  the  gases  from 

plant  of  the  Boston  and  Montana  Consolidated  Copper 
hiining  Company.     The  height  above  the  top  of  the  founda- 

feet,  and  the  interna!  diameter  at  the  top  50  feet.     The 
d  foundation  cost  approximately  5200,000. 
tiwwjl  Details:    Eng.  Rec.,  Oct.  1,  1904,  p.  385;    Power,  May,  1!>CX>, 

-Concrete  (  til  nine  j  >.  —  The  use  of  concrete  reenforeed  with 
for  the  construction  of  chimneys  is  rapidly  increasing.    The 

claimed  for  this  class  of  stack  are: 

weight  of  the  whole  structure,  being  but  one-third  as  great 

alent  common  brick  chimney.     The  space  occupied  is  much 

th  either  brick  or  steel  stack,  on  account  of  the  thinness  of 
base  and  the  absence  of  any  flare  or  bell. 

absence  of  joints,  the  entire  structure  including  foundation 

lolith. 

resisting  power  against  tension  and  compression. 

ity  of  construction.     May  be  erected  at  an  average  rate  of 

day. 

ability  of  the  material  to  any  form. 

■  of  chimney  being  comparatively  new,  little  data  conccrn- 

ition  are  available,  but  some  which  have  been  in  i 

little  or  no  deterioration. 
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Pio.  165.     Weber  ReBnforced  Concrete  Chimney. 
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65  gives  the  details  of  a  Weber  steel-concrete  chimney  erected 
ind,  Ore.,  for  the  Portland  General  Electric  Company.  The 
mcture,  foundation  and  shaft,  is  a  monolith,  238  feet  in  total 
nd  12  feet  internal  diameter,  weighing  only  889  tons.  It 
but  168  square  feet  of  ground  space  at  the  grade  level.  The 
ot  including  foundation  is  470  tons.     The  stack  was  erected 

in  58  working  days,  and  cost  approximately  {13,000. 

meat  used  was  German  Portland  mixed  with  select  bank  sand 

lion  of  one  to  three,  gravel  or  crushed  stone  being  used  only 

undation  below  the  ground.     The  mortar  was  used  medium 

aniped  in  the  form  around  the  steel  reenforcement. 

aft  is' of  the  double-shell  type,  with  inner  core  extending  70 

e  the  grade.    The  core  is  but  4  inches  in  thickness  at  the 

the  outer  shell  8  inches, 
er  and  outer  shell  are 
i  with  vertical  T  bars, 
<  W  mCflj  °f  iow-carbon 

steel,  spaced  at  the  base 

between  centers  in  the 
e  and  4  inches  in  the 
ell,  and  increasing  in 
j  the  top,  where  the  dis- 
rtween  the  bars  is  12 
The  horizontal  rings  are 
i  T's  spaced  18  inches 
centers  in  the  core  and 

in  the  outer  shell.     The 

vary  from  16  to  30  feet 
,  and  where  they  meet 
e  are  lapped  not  less 
iches.  The  use  of  differ- 
hs  of  steel  prevents  the 
i  concentrating  in  any 
;ion. 

lest  chimney  of  this  type 
is  erected  for  the  Butte 
i  Works  at  Butte,  Mont. 
t  is  350  feet  and  inside 
18  feet.  Fio.  160. 

Uowing  strain  sheet  gives  the  Weber  Company's  analysis  of 
ley  illustrated  in  Fig.  165,  and  is  based  on  a  wind  pressure  of 
s  per  square  foot.     Notations  as  in  Fig.  166. 
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Weights. 

W/  =  weight  of  foundation 

=  /302.2  +  3°2  +  1523)  150 

=  523,200  pounds. 
150  =  weight  per  cubic  foot  of  concrete. 
We  =  earth  weight  on  foundation 

=  \li2h*  —  (volume  of  foundation)}  100 

=  (7200  cubic  feet  -  3995  cubic  feet)  100 

=  320,500  pounds. 
100  =  weight  per  cubic  foot  of  earth. 
W  =  weight  of  shaft 

=  \Ai  (Ai  +  fe)  +  A2  (A4  +  hz)  +  AJis]  150 

=  j  38.5  (72  +  3)  +  13  (72  +  3)  +  19.75  •  158J150 

=  934,950  pounds. 
Wt  =  total  weight 

=  Wf  +  We  +  W  -  1,778,650  pounds  (889  tons). 

Section  at  Grade  Gr. 

I.     Wi  =  weight  of  outer  shell  and  single  shell  above  section 
=  (Aih  +  AJi*)  150 
=  (28.5  •  72  +  19.75  •  158)  150 
=  775,806  pounds. 

II.         r  =  radius  of  statical  moment 

-?[■+(*)] 

=  14.66  f     ,   /13.33V] 
8     L         V14.66/  J 
=  3.35  feet. 

III.        P  =  wind  pressure  on  chimney 

=  WJ  +  ZWi? 

=  14.60  X  72  X  25  +  13  X  158  X  25 
=  77.738  pounds. 
M  =  wind  moment  on  section 

=  /v^x£  +  (/w.f  )(*,  +  £) 

=  1 1.<><>  X  72  x|x|l  (l3  X  158  X  y)  72  +^\ 
=  S.703.S1S  foot-pounds. 
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IV.      N  =  statical  moment 

-  3.35  X  775,806 

=  2,598,950  foot-pounds. 

V.       B  =  bending  moment 

=  8,703,818  -  2,598,950 
=  6,104,868  foot-pounds. 

VI.        -  =  section  modulus 

^0.0982(^A4) 

n  ^  /14.66  X  124  -  13.33  X  12*\ 
=  °'m2{ 14^6 ) 

-  169,703. 

VII.         z  =  tension  per  square  inch  sectional  area 

=  12B-h- 

e 

-  12  X  6,104,868  +  169,703 
=  432.5  pounds. 

VIIL        Z  =  total  tension 

=  1444x3 
.      =  144  X  28.5  X  432.5 
=  1,825,015  pounds. 

EL         8  =  area  steel  required 

=  —  •     (a  =  sectional  strain  on  steel) 

=  16,000  pounds  per  square  inch 
=  114.2  square  inches. 

X.       K  =  number  of  bars 

=  —  •     (x  =  0.45  square  inch  =  area  of  one  bar) 
=  252  bars. 

'or  Stability. 

XI.        L  =  length  of  one  side  of  base. 

8,703,818 

1,778,650 

=  29.4  feet. 
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Section  42'  0"  above  Grade. 

I.  Wi  =  596,250  pounds. 
II.         r  =~3.35  feet. 

III.  P  =  62,295  pounds.    M  =  5,761,325  foot-pounds. 

IV.  N  =  1,997,438  foot-pounds. 
V.  B  =  3,763,889  foot-pounds. 

VI.        -  =  169,703. 
e 

VII.  z  =  222  pounds. 

VIII.  Z  =  911,088  pounds. 

IX.  8  =  57  square  inches. 

X.  K  =  127  bars. 

Section  at  Offset. 

I.  Wi  =  468,000  pounds. 
II.         r  =  3  feet. 

III.  P  =  51,350  pounds.    M  =  4,056,650  foot-pounds. 

IV.  N  =  1,404,000  foot-pounds. 
V.       B  =  2,652,650  foot-pounds. 

VI.        -  =  102,041. 

€ 

VII.  z  =  311  pounds. 

VIII.  Z  =  786,000  pounds. 

IX.  s  =  55.5  square  inches. 

X.  K  =  123  bars. 

Section  50'  0"  from  Top. 

I.  Wi  =  148,125  pounds. 
II.         r  =  3  feet. 

III.  P  =  16,250  pounds.     M  =  406,250  foot-pounds. 

IV.  N  =  444,365  foot-pounds. 

Since  the  statical  moment  N  is  greater  than  the  wind  mo: 

there  is  no  bonding  moment  B,  so  no  steel  is  required,  the 

above  this  section  standing  of  its  own  weight.     However,  tl 

bars  are  continued  to  the  top. 

Analysis  of  Rcenforced  Concrete  Chimneys:    Eng.  Roc,  Apr.  8,   1911 
1912. 

160.  Breeching.  — ■  The  area  of  the  flue  or  breeching  leading 
boilers  to  the  chimney  is  generally  made  equal  to  or  a  little  lai 
the  internal  area  of  the  chimney,  20  per  cent  greater  being  ai 
figure.     The  flue  may  be  carried  over  the  boilers  or  back  of  tl 
or  even  under  the  fire-room  floor,  but  in  any  case  should  be  as 
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possible  and  free  from  abrupt  turns.  Short  right-angled  turns  reduce 
the  draft  approximately  0.05  inch  for  each  turn,  and  a  convenient  rule 
is  to  allow  0.1  inch  loss  for  each  100  feet  of  flue  if  of  circular  cross  sec- 
tion and  constructed  of  steel,  and  double  this  amount  for  brick  flues 
of  square  section.  The  cross  section  of  the  flue  need  not  be  the  same 
throughout  its  entire  length,  but  may  be  tapered  and  proportioned  to 
the  number  of  boilers.  Where  two  flues  enter  the  stack  on  opposite 
sides,  a  diaphragm  is  inserted  as  indicated  in  Fig.  160.  Flues  should 
be  covered  with  heat-insulating  material. 

161.  Chimney  Foundations.  —  On  account  of  the  concentration  of 
weight  on  a  small  area  the  foundation  of  a  chimney  should  be  carefully 
designed.  In  most  cities  the  building  laws  limit  the  maximum  loads 
allowed  for  various  soils  and  materials,  and  although  they  vary  con- 
siderably the  average  is  approximately  as  follows: 

Material.  Safe  Load,  Lb.  per  Sq.  Ft. 

Hard-burned  brick  masonry,  cement  mortar,  1  to  2 20,000-30,000 

Hard-burned  brick  masonry,  cement  mortar,  1  to  4 18,000-24,000 

Hard-burned  brick  masonry,  lime  mortar 10,000-16,000 

Concrete,  1  to  8 8,000-10,000 

Kind  of  Soil.  •  Safe  Load,  Tons  per  Sq.  Ft. 

Quicksands  and  marshy  soils    0.5 

Soft  wet  clay 1.0 

Hay  and  sand  15  feet  or  more  in  thickness  1.5 

Pure  clay  15  feet  or  more  in  thickness   2.0 

*****  dry  sand  15  feet  or  more  in  thickness  2.0 

Firm  dry  loam  or  clay  3.0-  4.0 

°*avel  well  packed  and  confined     6.0-  8.0 

B°ck  broken  but  well  compacted    10.0-15.0 

Solid  bed  rock     Up  to  J  of  its  ultimate  crushing  strength. 

Tons  per  Pile. 

Piles  in  made  ground  2.0 

*«ea  driven  to  rock  or  hardpan  25.0 

Chimney  foundations  as  a  rule  are  constructed  of  concrete  except 
where  the  low  sustaining  nature  of  the  soil  necessitates  the  use  of  piles 
or  a  grillage  of  timber  or  steel.  For  masonry  chimneys  the  foundation 
is  designed  to  give  the  necessary  support  to  the  shaft  without  particular 
reference  to  its  mass  or  distribution,  as  the  shape  of  the  foundation  has 
virtually  no  effect  on  its  stability  as  a  column.  In  steel  and  reenforced 
concrete  chimneys  the  shape  and  weight  of  the  foundation  are  a  function 
rf  the  desired  factor  of  stability,  since  the  shaft  is  securely  anchored 
**>  the  foundation  and  the  two  form  practically  one  mass.  The  founda- 
*  should  be  designed  to  fulfill  the  conditions  in  formula  (68) 
on  to  the  requirements  for  mere  support. 
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Table  48  gives  the  least  diameter  and  depth  of  founda 
chimneys  of  various  diameters  and  heights. 

1C3.  Chimney  Efficiencies.  —  The  chimney  as  a  mover  < 
very  low  thermodynamic  efficiency.  Compared  with  thai 
performance  is  very  poor,  and  mechanical-draft  concern 
use  this  as  an  argument. 

Example:  A  chimney  200  feet  high  and  10  feet  in  diame 
draft  for  a  battery  of  boilers  rated  at  3500  horse  power, 
side  temperature  60  degrees  F. ;  temperature  of  flue  gases  5C 
calorific  value  of  the  fuel  14,000  B.t.u.  per  pound.  Comp 
mal  efficiency  of  the  chimney  as  a  mover  of  air  with  that 
draft  apparatus  of  equivalent  capacity. 


TABLE  48. 

SIZES 

OF   FOUNDATION   FOR   STEEL  CHIMNEYS. 

Least  Diameter  of 

Le 

Diameter,  Feet. 

Height,  Feet. 

Foundation. 

I 

3 

100 

is'  r 

4 

100 

16'     4' 

4 

125 

18'     5' 

5 

150 

20'     4" 

5 

200 

23'     8' 

6 

150 

21'  10" 

6 

200 

25'     0" 

7 

150 

22'     V 

7 

250 

29'     8' 

9 

150 

23'     8* 

9 

275 

33'     6' 

11 

250 

24'     8' 

11 

350 

36'    o* 

From  Table  42  we  find  that  a  chimney  200  feet  high,  w 
tures  as  stated  above,  will  furnish  a  theoretical  draft  of 
equivalent  to  a  pressure  of  6.6  pounds  per  square  foot, 
friction  the  height  H  of  a  column  of  external  air  which  wc 
this  pressure  is  _  M  —  <A  l 

in  which  "'     dl     '   ' 

h  =  height  of  the  chimney  in  feet, 

d  =  density  of  the  hot  gases  in  the  stack, 

d\  =  density  of  the  outside  air. 

Substitute  in  (59) 

d1  =  0.0763,    d  =  0.0435,     and    h  =  200. 
_  /0.0763  -  0.0435N 

u  "v     o^763    r00 

=  85.9  feet. 
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The  theoretical  velocity  of  the  air  entering  the  base  of  the  chimney 
under  this  head  is 

»  =  V2JJH 

=  V2  X  23.2  X  85.9 

=  74.5  feet  per  second. 

The  weight  of  the  gas  escaping  per  second 

=  74.5  X  area  of  the  stack  X  0.0763 
=  446  pounds. 

The  displacement  of  this  volume  of  gas  is  the  result  of  heating  it  from 
60  to  500  degrees  F.  Taking  the  specific  heat  of  the  gas  as  0.2375,  the 
heat  necessary  to  displace  446  pounds  per  second  is 

Heat  required  =  446  X  0.2375  X  (500  -  60) 

=  46,500  B.t.u.  per  second. 

The  work  actually  performed  is  that  of  overcoming  a  total  resistance 
of  6.6  X  78.5  =  518  pounds  (78.5  =  internal  area  of  the  chimney) 
through  a  space  of  74.5  feet;  i.e., 

Work  done  =  74.5  X  518  =  38,591  foot-pounds  per  second 

=  49.7  B.t.u.  per  second. 

49  7 
Efficiency  =  .fi  *  n  =  0.00107,  or  about  tV  of  1  per  cent. 

If  a  fan  be  substituted  for  the  chimney  and  we  allow  say  8  per  cent 
for  the  efficiency  of  engine  and  boiler,  40  per  cent  for  the  fan,  and  25  per 
cent  for  friction,  the  combined  efficiency  will  be 

0.08  X  0.40  X  0.75  =  0.024,  or  2.4  per  cent. 

The  fan  then  will  be  n  nm  07  —  22.4  times  more  efficient  than  the 

chimney  as  a  mover  of  air. 
Ml.  Cost  of  Chimneys.  —  Christie  ("Chimney  Design  and  Theory  ") 
pves  the  following  costs  of  chimneys  150  feet  high  and  8  feet  internal 
diameter: 

"  Common  red  brick approximate  cost  $8,500.00 

Radial  brick do           do  6,800.00 

Steel,  self-supporting,  full  lined do           do  8,300.00 

8*eel,  self-supporting,  half  lined do            do  7,800.00 

Steel,  self-supporting,  unlined do           do  5,820.00 

Steel,  guyed do           do  4,000.00 
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CHAPTER  VIII. 

MECHANICAL  DRAFT. 

•ft.  General.  —  The  intensity  of  natural  draft  in  a  chimney  depends 
(nary  upon  the  height  of  the  stack  and  the  temperature  of  the  chim- 
|  gases,  and  the  chimney  should  be  designed  to  meet  the  maximum 
(purements,  permitting  the  damper  to  be  partly  shut  at  times.  There 
fpnaUy  no  practicable  means  of  increasing  natural  draft  per  se  after 
it  maximum  has  been  reached.  Again,  chimney  draft  is  peculiarly 
ioeptible  to  atmospheric  influence  and  may  be  seriously  impaired 
f  adverse  winds  and  air  currents.  Notwithstanding  these  apparent 
itttations,  by  far  the  greater  number  of  steam  power  plants  depend 
pon  chimneys  for  draft  because  of  the  disposition  of  the  waste  gases. 
I  many  cases  artificial  draft  has  a  great  advantage  and  under  certain 
auditions  is  indispensable;  it  is  very  flexible  and  readily  adjusted  to 
bet  various  rates  of  combustion,  irrespective  of  climatic  influences, 
id  permits  any  degree  of  overload  without  undue  expenditure  of 

Artificial  draft  may  be  broadly  classified  under  two  heads: 

1.  The  vacuum  or  induced  draft;  and 

2.  The  plenum  or  forced-draft  method. 

la  the  former  a  partial  vacuum  is  produced  above  the  fire  by  suitable 

Jparatus,  and  the  effect  is  substantially  that  of  natural  draft. 

la  the  forced-draft  system  pressure  is  produced  in  the  ash  pit,  the 

p  being  forced  through  the  grate. 

to*  both  systems  the  artificial  draft  is  usually  produced  by  either: 

1.  Steam  jets;  or 

2.  Centrifugal  fans  or  exhausters. 

••*.  Steam  Jets. —  Fig.  167  shows  an  application  of  a  ring  jet  to 
?  base  of  a  stack.  The  apparatus  is  very  simple,  inexpensive,  and 
«ly  applied.  It  consists  essentially  of  a  ring  or  a  series  of  concen- 
c  rings  of  1-inch  or  1^-inch  pipe,  perforated  on  the  upper  side  with 
9  or  J-inch  holes,  and  placed  in  the  base  of  the  stack,  so  that  the  jets 
*  discharged  upward,  thus  creating  a  draft  independent  of  the  temper- 
3*e  of  the  flue  gases.  The  steam  connection  to  the  jet  is  generally 
*de  direct  to  the  boiler  and  not  to  the  steam  main,  though  the 
***en  produced  by  exhaust  steam. 
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Fig.  168  illustrates  a  Bloomsburg  jet,  which  involves  to  some  ext 
the  principle  of  the  ejector. 


Fio.  167.     King  Si 


Fro.  163.    Bloomsburg  Jet 


The  increase  in  draft  produced  by  these  devices  as  ordinarily 
stalled  is  not  great,  although  in  locomotive  practice  where  the  en 
exhaust  is  discharged  up  the  stack  an  intense  draft  is  obtained. 


Arsand  Blowi 


e"ig-  UW  slums  the  application  of  a  "MeClaves  argand  blowi 
The  steam  is  discharged  below  the  grate  through  a  perforated  hoi 
thk.  *f  indicated,  drawing  the  air  through  the  funnel  by  inspirat 
T^ifwrw  »  powerful  draft  by  forming  an  air  pressure  in  the  ash 
u»»aK.<aqMeially  useful  system  of  forcing  fires  for  boilers  whichi 
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Steam  jets,  as  ordinarily  installed  in  small  plants,  are  very  uneconom- 
ical, since  a  large  amount  of  steam  is  required  to  produce  good  results. 
Table  50,  based  on  experiments  at  the  New  York  Navy  Yard,  to  deter- 
mine the  best  form  of  steam  jet  for  producing  draft  in  launch  boilers, 

TABLE  60. 

BS8ULT8  OF  EXPERIMENTS  UPON  STEAM  JETS  AT  NEW  YORK  NAVY  YARD.* 


• 

Pounds  of  Water  Evaporated  per  Hour. 

Index  of  Jet. 

A 

B 

C 

D 

E 

Per  oent  of  steam  used 
bj  iet. 

463.8 
97.5 

21.2 

580.0 
120 

20.7 

361.25 
30 

8.3 

528.5 
63.2 

12.0 

545.00 
76.25 

19.0 

*  Annual  Report  of  the  Chief  of  the  Bureau  of  Steam  Engineering,  U.  S.  Navy,  1890. 

shows  steam  consumptions  of  from  8.3  to  21.2  per  cent  of  the  total 
steam  made.  Table  51  gives  the  steam  consumption  of  a  number  of 
types  of  steam  jet  blowers  as  determined  by  A.  J.  Whitman.  The  best 
performance  is  4.6  per  cent  and  the  poorest  11.1  per  cent  of  the  total 

TABLE  51. 

CONSUMPTION   OF   STEAM    BLASTS    COMPARED,  t 


OoaL 

Name  of  Blower. 

Per  Cent  of  Air 

Openings  In 

Grate. 

Pounds  of  Dry 

Coal  burned  per 

Hour  per  Square 

Foot  of  Grate. 

Per  Cent  of  Total 
Steam  Generated 

in  the  Boilers 
that  is  required 
to  operate  the 
Steam  Blasts. 

Biee. 

Young 

11 

11 

7 

11 

11 

26 

11 

11 

7 
7 

25.8 
17.9 
27.0 
27.3 
16.7 
31.4 
16.4 
26.1 
32.5 
45.4 

11  1 

u^»  * 

7  0 

Do 

Bwkwheat.... 
Do.... 

10.8 
10.8 
4.6 
8.9 
6.7 
9  3 

Do....   "" 

Do....     "" 
Do....  " 

Do....  "" 
Do... 

Wilkinson 

7.8 
10.2 

. 

i 

t  Trans.  A.S.M.E.,  Vol.  XVII.  — See  Whitham. 

wuw8teain  generated.  Steam  jets  below  the  grate  are  said  to  prevent 
diners  from  forming  where  fine  anthracite  coals  are  used,  and  thus 
w  assist  in  keeping  the  fire  free  and  open.  They  also  assist  in  the 
■wo&nical  combustion  of  certain  low-grade  fuels.  See  paragraph  102 
to*  the  influence  of  steam  jets  in  effecting  smokeless  combustion. 
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TABLE  52— Concluded. 


TAYLOR  STOKER. 


of 

it. 

Per  Cent 
of  Ratine* 

Dry  Coal  per 

Sq.  Ft.  G.  S. 

per  Hr. 

Steam 

Consumption 
of  Stoker 

Engines  and 
Turbine 
Blower. 

Draft,  Inches  of  Water. 

At  Blast  in 
Tuyeres. 

Suction  Below 

Boiler 

Dampers. 

Suction  in 
Ash  Pit. 

0 
9 
1 

92.9 

162.8 
211.0 

16.43 
29.23 
38.75 

2.63 
2.87 
3.41 

0.67 
1.73 
2.53 

0.20 
0.53 
0  84 

0.15 
0.06 

0.02 

AD  of  the  steam  exhausted  from  the  Taylor  equipment  may  be  returned  to  the  feed-water  heater, 
rats  only  that  exhausted  from  the  engines  in  the  Roney  equipment  may  be  used  in  this  manner,  hence 
Ml  he*l  osed  is  approximately  the  same  in  both  cases. 
For  application  of  steam  jets  to  mechanical  stokers  see  Chapter  IV. 

ge  Stirling  boilers  at  the  Delray  Station  of  the  Detroit  Edison  Com- 
oy,  show  what  may  be  expected  from  installations  of  this  class 
>ur.  A.S.M.E.,  Nov.,  1911). 

IIS.  Fan  Draft.  —  Fig.  171  shows  a  typical  installation  of  a  centrif- 
al  fan  on  the  forced-draft  or  plenum  principle,  the  fan  creating  a 
essure  in  the  ash  pit  and  forcing  air  through  the  fuel.  The  most 
proved  method  is  to  pass  the  air  through  the  bridge  wall,  thence 
ward  the  front  of  the  grate,  though  it  may  enter  through  an  under- 
ound  duct  or  through  the  side  of  the  setting.  Forced  draft  is  usually 
lopted  in  old  plants  where  increased  demands  for  power  require  that 
te  boilers  be  forced  far  above  their  rating  to  save  the  heavy  expense 
new  boilers,  or  in  plants  burning  refuse,  anthracite  culm  or  screen- 
IB,  which  require  an  intense  draft  for  efficient  combustion.  Forced 
raft  is  also  well  adapted  for  underfeed  stokers  of  the  retort  type, 
oDow  blast  grates,  and  the  closed  fire  hole  system.  The  air  supply 
ay  be  taken  from  an  air  chamber  built  around  the  breeching,  thereby 
Vpiying  the  heated  air  to  the  fan  and  effecting  a  lower  temperature 
t  the  breeching  and  a  higher  temperature  in  the  furnace.  The  ob- 
mtion  is  sometimes  raised  against  forced  draft  that  the  gases  tend  to 
Ms  outward  through  the  fire  door  when  the  fire  is  cleaned  or  re- 
leiushed,  since  the  pressure  in  the  furnace  is  greater  than  atmospheric. 
lus  objection  may  usually  be  overcome  by  suitable  dampers  in  the 
last  pipe  which  are  closed  on  opening  the  fire  doors.  With  a  boiler 
hat  of  1000  horse  power  or  more  the  cost  of  a  forced-draft  fan,  engine, 
od  stack  will  approximate  from  20  to  30  per  cent  of  the  outlay  for  an 
tphralent  brick  chimney.  The  power  consumption  will  depend  upon 
he  character  and  efficiency  of  the  motor  or  engine  and  will  range  from 
[to  5  per  cent  of  the  total  capacity. 
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Induced  draft  as  illustrated  in  Fig.  172  is  perhaps  the  most  com- 
mon substitute  for  natural  draft  and  is  extensively  used  in  street  rait 
way  and  lighting  plants  which  have  high  peak  loads,  being  ordinarily 
installed  in  connection  with  fuel  economizers.  The  suction  side  of  the 
fan  is  connected  with  the  uptake  or  breeching  of  the  boiler  or  bat- 
teries of  boilers  and  the  products  of  combustion  are  usually  exhausted 
through  a  stub  stack.  The  illustration  shows  a  typical  installation  in 
which  two  fans  of  the  duplex  type  are  placed  above  the  boiler  setting. 
The  fan  ducts  are  generally  designed  with  a  by-pass  direct  to  the  stack 
to  be  used  in  case  of  accident  or  when  mechanical  draft  is  not  required. 


Fia.  171.     Typical  Forced-draft  System 


Since  the  fan  handles  hot  gases  it  must,  under  the  ordinary  con- 
ditions of  practice,  have  a  capacity  approximately  double  that  of  « 
forced-draft  fan  delivering  cold  air,  but  the  gases  being  of  lower  density 
the  power  required  per  cubic  foot  moved  is  less. 

With  forced  draft  about  300  cubic  feet  of  air  are  required  per  pour»<l 
of  coal;  with  induced  draft  the  fan  must  handle  twice  this  volume  if 
the  gases  are  exhausted  at  500  degrees  F.  or  450  cubic  feet  if  exhausted 
at  300  degrees  F.,  a  temperature  to  be  expected  in  connection  with 
economizers. 

The  advantages  of  induced  draft  over  forced  draft  are  very  pro- 
nounced. The  pressure  in  the  furnace  is  less  than  atmospheric,  there- 
fore it  is  not  necessary  to  shut  off  the  draft  in  cleaning  fires  or  ash  pit 
mill  the  fire  burns  more  evenly  over  the  entire  grate  area,  since  the 
draft  pressures  arc  ordinarily  less  than  with  forced  draft.  An  induced- 
draft  plant  costs  considerably  more  than  forced  draft  on  account  of 
the  larger  fan  required,  but  the  operating  expenses  are  but  little  greater. 


Turboundergrate  draft- blowers,  installed  in  each  setting,  are  finding 
mm  with  many  engineers  because  of  the  low  cost  of  installation. 
They  consist  essentially  of  small  impulse  steam  turbines  direct  con- 
spccially  designed  propeller  fans  set  in  the  side  walls  of  tho 
•Sting  by  means  of  wall   thimbles.     The  fan  discharges  below   the 
Pate,  and  may  be  automatically   controlled   by  damper  regulation. 
H:<   turbine  exhaust  may  be  discharged  into  the  ash  pit  to  prevent 
Allen,  or  it  may  be  used  in  the  feed-water  or  other  heating  devices. 
rin.y  are  more  economical  in  heat  consumption  than  the  ordinary  j 
device. 
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167.  Performance  of  Fans.  —  The  first  satisfactory  theory  of  c< 
ugal  fans  was  promulgated  by  Daniel  Murgue  in  1872.     He  r, 
that  theoretically  the  maximum  pressure  created  by  a  perfect 
equivalent  to  twice  the  head  which  would  produce  a  velocity  eqi 
that  of  the  periphery.     Thus 

H  =  ^, 

9 
in  which 

H  =  maximum  difference  in  pressure  in  feet  of  air, 

u  =  peripheral  velocity  in  feet  per  second,  and 
g  =  acceleration  of  gravity  32.2. 

A  and  B,  Fig.  173,  represent  Pitot  tubes  inserted  in  the  disc 
pipe  of  a  centrifugal  blower,  A  being  bent  to  face  the  current,  wt 
is  at  right  angles  to  it.     A  receives  the  full  impact  of  the  stream 

/r^   n 


m 


the  manometer  indicates  the  total  pressure,  static  and  velocity, 
B  registers  the  static  pressure  only.  With  the  discharge  orifice  cl 
as  in  Fig.  173,  the  velocity  becomes  zero,  and  the  water  depressit 
both  manometers  will  be  the  same,  due  to  the  static  pressure,  v 
according  to  Murgue's  theory,  will  be  a  maximum  and,  ignoring 

tiou  or  eddy  currents,  =  — 

Example:    Determine  the  maximum  pressure,  in  inches  of  «' 
which  a  perfect  fan  would  exert  with  discharge  orifice  closed;  dian 
of  fan  6  feet;   r.p.m.  31S. 
The  peripheral  velocity  is 

„  =  2xn,  =  0.28  X  3  X  31S  =  GO00  feet  per  minute 
=  100  feet  per  second. 
Substituting  in  Murgue's  formula, 

u  =  100  and  g  =  32.2, 
IF-jg-  310  feet, 
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i.e.,  the  pressure  created  by  the  fan  would  be  equivalent  to  the  weight 
of  a  column  of  air  310  feet  high,  or,  assuming  an  air  temperature  of 
75  degrees  F.,  an  equivalent  head  in  inches  of  water  of 
310  X  0.074495  _ 


144    X    0.0 


;  =  4.45  inches. 


(0X174495  —  density  of  air  at  75  degrees  F.  and  0.0361  —  pressure  pro- 
duced by  one  inch  of  water  in  pounds  per  square  inch.) 

If  the  discharge  orifice  be  opened  to  its  maximum  (Fig.  174)  the 
static  pressure  indicated  by  manometer  B  becomes  zero,  since  there  is 


/£Z\ 


fr^ 


(A) 


no  resistance  due  to  the  air  flow,  while  the  water  in  A  stands  at  a  height 
B  the  exact  equivalent  of  the  velocity  head  in  accordance  with  the 

hydraulic  formula,  

v  =  sTLgH,  (83) 

m  which  v  is  the  velocity  of  the  air  in  feet  per  second. 

"the orifice  be  partially  closed,  say  50  per  cent,  as  in  Fig.  175,  B  indi- 
cata  the  static  pressure,  while  A  gives  the  dynamic  or  total  pressure 


i-r^ 

& 

>£V 

1 

u 

7^ 

i" 

<> 

l=E;e 

w 

(6) 

I 

Bl 

O^^ 

Ojttre  partly 

l«ol                                           | 

J*Ueto  both  velocity  and  resistance.     Tnc  difference  between  A  and  B 
18  therefore  the  pressure  due  to  velocity  alone.     By  connecting  tho 
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two  manometers  as  indicated  in  Fig.  175C  the  velocity  pressure  i 
given  directly.* 

Pressure.  —  According  to  Murgue's  theory  the  maximum  pressure 
which  may  be  developed  by  a  blower  or  exhauster  varies  with  the 
square  of  the  speed  and  may  be  expressed 

*.  -  Cdu2  (M 

in  which 

p  =  pressure,  pounds  per  square  foot, 
8  =  density  of  the  air,  pounds  per  cubic  foot, 
u  =  peripheral  velocity,  feet  per  second, 
C  =  a  coefficient  obtained  by  experiment. 

Tables  53  and  54  give  the  relationship  between  pressure  and  spee« 
for  various  sizes  of  forced  and  induced-draft  fans. 

Fig.  178  shows  the  relationship  between  pressure  and  speed  in 
45-inch  Buffalo  blower  as  tested  at  the  Armour  Institute  of  Technology 

Velocity  of  Discharge.  —  The  maximum  velocity  of  the  air  lea^v 
ing  the  tips  of  the  blades  varies  directly  as  the  peripheral  speed, 

V  =  Ku,  ($£ 

in  which 

V  =  velocity  of  the  air  discharged,  feet  per  second, 
K  =  a  coefficient  obtained  by  experiment, 
u  =  peripheral  velocity,  feet  per  second. 

For  practical  purposes  the  velocity  of  discharge  with  outlet  wid 
open  may  be  assumed  to  be  that  of  the  periphery. 

Capacity.  —  The  relationship  between  capacity  and  speed,  capacit 
and  discharge  opening  for  a  45-inch  pressure  blower  is  given  in  Figs.  17 
and  178. 

As  will  be  noted,  the  capacity  varies  almost  directly  with  the  speed  c 
the  wheel  and  the  area  of  discharge  as  expressed  by  the  equation 

Q  =  BttADN,  (86 

in  which 

Q  =  cubic  feet  discharge  per  minute, 

B  =  coefficient  determined  from  experiment, 

A  =  area  discharge  opening,  square  feet, 

D  =  diameter  of  the  wheel, 

N  =  r.p.ni.  of  the  wheel. 

*  The  manometer  readings  in  C,  Fig.  17.5,  indicate  the  velocity  pressure  for 
the  point  D.  For  a  method  of  determining  the  average  velocity  of  the  conduit  at  a 
section  through  D,  see  Eng.  News,  Dee.  21,  1905,  p.  660. 
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Power.  —  The  power  required  to  drive  a  fan  is  proportional  to  the 

ube  of  the  speed, 

Horse  power  =  XAN*,  (87) 

in  which 

X  =  a  coefficient  determined  by  experiment, 
A  =  area  discharge  outlet,  square  feet, 
N  =  r.p.m. 

The  marked  increase  in  power  required  for  even  a  moderate  increase 
in  speed  should  be  borne  in  mind  in  selecting  a  fan.  (See  power  curves, 
Fig.  178.)  It  is,  as  a  rule,  more  economical  to  err  in  selecting  too  large 
a  fail  than  one  which  must  be  forced  above  its  rated  capacity. 

Manometric  Efficiency.  —  This  efficiency  is  the  ratio  of  the  dy- 
namic head  as  actually  observed  to  the  maximum  theoretical  dynamic 
head,  or 

Eman  =  jj1  (88) 

in  which  h  is  determined  from  the  actual  manometer  reading  and  H  is 
calculated  from  equation  (82). 

Volumetric  Efficiency.  —  This  is  the  ratio  between  the  actual 
volume  of  air  passing  in  a  given  time  divided  by  the  impeller  dis- 
placement for  the  same  period,  or 

4Q 

^^tTDW*'  (89) 

in  which 

Q  =  volume  discharged,  cubic  feet  per  minute, 
D  »  diameter  of  the  impeller,  feet, 
B  =  width  of  the  impeller,  feet, 
ff  -  r.p.m. 

Mechanical  Efficiency,  or  simply  fan  efficiency  is  the  ratio  of  the 
total  work  done  by  the  fan  in  moving  the  air  to  the  horse-power  input 
to  the  fan,  or 

Emeo  =  Hi  X  33,000 '  r90) 

m  which 

• 

0'  ^  weight  discharged,  pounds  per  minute, 
A  *=*  dynamic  head,  feet  of  air, 
"l  **  horse-power  input. 

hi  practice  the  size  of  fan  is  proportioned  upon  experience  rather 
™*  theory,  the  usual  procedure  necessitating  the  use  of  curves  based 
V°b  the  performance  of  fans  of  the  type  under  consideration. 
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The  curves  in  Fig.  17G  were  computed  by  Mr.  F.  R.  Still  of  tie 
American  Blower  Company,  and  give  the  performance  of  steel-plate 
fans  as  manufactured  by  this  company.  These  curves  apply  to  this 
type  and  make  of  fan  only,  though  the  difference  is  not  very  great 
for  any  type  of  centrifugal  fan.  The  "ratio  of  opening"  refers  to  tie 
actual  percentage  of  opening  compared  with  the  total  discharge.    The 
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Flti.  176.     Performance  of  Steel  Plate  Fans, 
"ratio  of  effect"  is  the  relative  effect  produced  by  restricting  the  dis- 
charge.    The  abbreviations  are  as  follows: 
D.P.  =  dynamic  or  total  pressure. 
PA. P.  =  pressure  created  by  a  column  of  air  moving  at  the  same 
velocity  as  the  periphery. 
S.P.  =  static  pressure. 
V.P.  =  velocity  pressure  =  D.P.  -  S.P. 
Suppose  a  fan  with  an  unrestricted  inlet  and  outlet  delivers  25,000 
cubic  feet  of  air  per  minute  against  a  head  (D.P.)  of  0.33  inch  with* 
peripheral  velocity  requiring  0.10  horse  power.     It  appears  from  the 
curves  that  if  the  discharge  outlet  is  restricted  to  50  per  cent  of  the 
fti!l  area,  only  12.3110  cubic  feet  will  be  delivered;   the  pressure  will  be 
increased  to  1.03  inches,  and  the  power  required  drops  to  4.84  horse 
power.     If  the  outlet  be  still  further  reduced  to  20  per  cent  of  the  full 
opening  the  capacity  will  drop  to  oOOO  cubic  feet,  the  pressure  *® 
increase  to  l.I-i  inches,  and  the  power  will  be  decreased  to  3.45  horse 
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With  a  discharge  area  of  60  per  cent,  the  mechanical  efficiency 
aximum,  and  equal  to  about  43  per  cent.  With  orifice  closed 
rse  power  required  to  drive  the  fan  is  about  37  per  cent  of  that 
<1  when  discharging  the  maximum  volume  of  air. 
re  "K"  in  Fig.  176  was  determined  from  the  empirical  formula 
upon  Murgue's  theorem) 

A-$p>  <90a> 

:h 

area  of  the  inlet  orifice,  square  feet, 

volume  of  gas,  thousands  of  cubic  feet  per  minute, 

draft  at  the  inlet  in  inches  of  water, 

constant  determined  by  experiment. 

curves  in  Figs.  177  and  178  are  plotted  from  tests  made  at  the 
it  Institute  of  Technology  on  a  45-inch  Buffalo  pressure  blower, 
e  characteristic  of  this  type  of  fan. 

rurement  of  Air  in  Fan  Work:  C.  H.  Treat,  Jour.  A.S.M.E.,  Sept.,  1912, 
.  Some  Experiences  with  (he  Pilot  Tube  on  High  and  Low  Air  Velocities: 
Jieeland,  Jour.  A.S.M.E.,  Nov.,  1911,  p.  1407.  Experiments  with  Ventilat- 
8  and  Pipes:  Capt.  D.  W.  Taylor,  Soc.  Naval  Arch,  and  Marine  Engrs., 
.  35.  The  Measurements  of  Gases:  Carl  C.  Thomas,  Jour.  Frank.  Inst., 
Ml,  p.  411.  Experiments  with  the  Pitot  Tube  in  Measuring  the  Velocities  of 
R.  Burnham,  Eng.  News,  Doc.  21,  1905,  p.  660.  Pressure  Fans  vs.  Exhaust 
Jletin  Am.  Inst.  Min.  Engrs.,  Feb.,  1909. 

Determination  of  Size  of  Fan.  —  The  following  analysis,  based 

t  paper  on  Mechanical  Draft  by  F.  R.  Still  of  the  American 

Company,  gives  a  good  idea  of  the  usual  procedure  in  deter- 

the  size  of  fan  for  an  induced  draft  installation.     (Jour.  West. 

igr.,  May,  1902.) 

nple:  Determine  the  size  of  induced  fan  and  the  approximate 
required  to  drive  it,  for  a  boiler  plant  rated  at  1000  horse  power; 
ature  of  flue  gases  500  degrees  F.;  heat  value  of  coal  14,000 
per  pound;  ash  5  per  cent;  draft  required,  1  inch  of  water 
e. 
ming  a  boiler  efficiency  of  70  per  cent,  the  evaporation  will  be 

X  0.70  =10.15  pounds  of  water  from  and   at  212   degrees  F. 

ind  of  coal. 

3  one  boiler  horse  power  is  equivalent  to  the  evaporation  of 
>unds  of  water  per  hour  from  and  at  212  degrees  F.,  the  evapora- 
r  hour  will  be  34.5  X  1000  =  34,500  pounds,  and  the  coal  burned 

"*»  34,500   Qjnn     , 

T;v^r=-  =  3400  pounds. 
lO.lo 
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Allowing  18  pounds  of  flue  gas  per  pound  of  combustible,  5  per  cent 
w  ash  and  5  per  cent  for  leaks,  the  fan  will  have  to  handle,  at  500 
iegrees  F.,  approximately  20  X  3400  =  68,000  pounds  of  gas  per  hour, 
tf  26,000  cubic  feet  per  minute.  It  is  customary,  when  little  is  known 
about  a  plant  in  which  a  fan  is  to  be  installed,  to  assume  that  the  re- 
sistance is  equivalent  to  restricting  the  discharge  outlet  25  per  cent. 
Hence,  in  this  problem  the  various  factors  are  referred  to  a  "ratio  of 
opening"  of  75  per  cent  (see  Fig.  176). 
From  formula  90a,  the  area  of  the  inlet  should  be 

A  =  —jL  =  — — - =  12.6  square  feet, 

which  corresponds  to  a  diameter  of  48  inches.     (K  =  0.485  is  taken 
from  the  curves  in  Fig.  176.) 

The  area  of  the  inlet  should  not  exceed  40  per  cent  of  the  area  of  the 
aide  of  the  wheel;  the  latter,  then,  will  be 

-jr-j-  =  31.5  square  feet, 

which  corresponds  to  a  diameter  of  76  inches  (6.3  feet). 

Referring  to  Fig.  176,  the  ratio  of  dynamic  pressure  to  peripheral 
velocity  pressure  (D.P.  to  P.V.P.  at  75  per  cent  opening)  is  0.73.     The 

peripheral  velocity  pressure  will  be  ^r-=«  =  1.37  inches  of  water. 

The  peripheral  velocity  is 

V  =  V2gH'  =  8.03  y/W,  where  H'  is  the  peripheral  velocity  pres- 
sure expressed  in  feet  of  gas,  or, 

We  W  =     ^35    '  12 ,  where  p  =  inches  water, 

tf  =  87.5vT37 

=  102.5  feet  per  second 
=  6150  feet  per  mjnute. 

'Hte  maximum  effective  discharge  area,  which  an  inclosed  fan  of  this 
type  may  have,  and  still  maintain  the  pressure  equivalent  of  the  pe- 
Hphoal  velocity,  is  usually  called  the  "blast  area."  With  a  larger  area 
"te  pressure  will  be  reduced,  but  with  a  smaller  area  will  remain  sub- 
stantially constant.     The  velocity  of  the  discharge  is  practically  that 

°f  the  tips  of  the  blades,  whence  the  blast  area  is  equal  to  -„~^-  =  4.23 

6150 

*juare  feet,  which,  with  this  type  of  fan,  is  found  to  be  about  J  the 

Injected  rectangle  of  the  wheel,  therefore, 

'Hie  projected  rectangle  =  4.23  X  3  =  12.7  square  feet. 

'  / 
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TABLE  53. 

CAPACITIES  OF  FORCED-DRAFT  FANS. 
(Steel  Plato  Funs.) 

For  Forced  Draft,  Temperature  of  Air  00°. 
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Discharge  velocity  2000  feet  per  minute. 
TABLE  54. 

CAPACITIES  OF  INDUCED-DRAFT  FANS. 
[Steel  Plate  Funs.) 
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TABLE  55. 

CAPACITIES  OF  FORCED-DRAFT  FAN&* 

(Sirocco  Type.) 

(Figures  given  Represent  Dynamic  Pressure*  in  Oas.  per  Sq.  In.    For  Static 

For  Velocity  Pressure  Deduct  71.2  Per  Cent.) 


Deduct  2&8Pc 


.55 -a 

*Os. 

}Os. 

iOs. 

IOs. 

UOi. 

ho*. 

l|Os. 

2  0s. 

2}Oi. 

o£ 

. 

6 

Cu.  Ft. 
R.P.M. 
B.H.P. 

155 

1.145 

0.0185 

220 
1,615 
0.052 

270 
1.980 
0.095 

310 
2.290 
0.147 

350 
2,560 
0.205 

380 
2.800 
0.270 

410 

3,025 

0.34 

440 

3,230 

0.42 

490 

3,616 

0.58 

12 

Cu.  Ft. 
R.P.M. 
B.H.P. 
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1,250 
1,145 
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0.82 
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1.400 
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1.512 
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i 
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1.85 
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3,720 
1,010 
3.07 
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3,540 

404 

0.832 

4,340 

495 

1.53 

5,000 
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302 

34.1 

44,200 

322 

41.6 

49,400 
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58.2 

54 

72 

Cu.  Ft. 
R.P.M. 
B.H.P. 

22.600 

95 
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29.6 

55.200 

233 
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46.2 

86.400 
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60.7 

93,300 

201 

76.7 

99,600 

214 

93.6 

111,200 
241 
131 

122 

*  A  number  of  sizes  have  been  omitted. 


A  tall,  self-supporting  chimney  for  larger  plants,  however,  is  \ 
costly  as  compared  with  a  fan  system  of  equal  capacity.  For  exam 
a  brick  chimney  175  feet  high  and  10  feet  in  diameter,  foundation  ; 
alL  capable  of  furnishing  the  necessary  draft  for  a  3000-horse-po 
will  cost  about  $10,000.  A  two-fan  induced  system  of  equi 
will  cost  in  the  neighborhood  of  $5000,  a  one-fan  sys 
a  forced-draft  system  $2500.  See  Fig.  179.  With  inte 
depreciation  5  per  cent,  taxes  1  per  cent,  and  insura 
it,  the  annual  fixed  charges  will  be  $575,  $402.50,  $2& 
the  fan  equipment. 
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Depredation  and  Maintenance:  The  depreciation  of  a  well-designed 
masonry  or  concrete  stack  is  very  low,  and  2  per  cent  is  a  liberal  factor. 
Maintenance  is  practically  negligible,  as  it  requires  no  attention  what- 
ever for  years.  A  steel  stack,  however,  must  be  kept  well  painted  or 
corrosion  will  take  place  rapidly.  The  depreciation  and  maintenance 
charges  on  a  mechanical-draft  system  will  range  from  i  per  cent  to  10 
per  cent  of  the  original  outlay. 
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Horse  Power 
Tin.  179.    Comparative  Costs  of  Chimneys  and  Mechanical  Draft.     {W.  B.  Snow.) 

Cost  of  Operation:  Once  erected,  the  comparative  cost  of  operating 
*  chimney  is  practically  nothing;  that  is,  of  course,  on  the  assumption 
that  the  chimney  and  fan  exhaust  equal  volumes  of  gas  per  pound  of 
fuel  and  at  the  same  temperature.  A  fan  system  requires  for  its  opera- 
tion from  one  and  one-half  per  cent  to  five  per  cent  of  the  total  steam- 
f8  capacity  of  the  plant,  depending  upon  the  type  and  character  of 
the  fan  engine  or  motor,  and  the  conditions  of  operation. 
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Efficiency:  With  fan  draft  a  very  thick  fire  can  be  maintained  on 
the  grate,  thus  permitting  a  high  rate  of  combustion,  and  minimum 
air  {ht  pound  of  fuel,  both  of  which  result  in  increased  boiler  efficiency. 
The  influence  of  the  rate  of  combustion  on  air  supply  in  a  specific  case 
is  illustrated  in  Fig.  180.  For  the  same  temperature  of  discharge  each 
pound  of  air  in  excess  of  theoretical  requirements  results  in  a  loss  of 
alvut  one  ix»r  cent  of  the  total  heat  in  the  fuel.  With  fan  draft  an 
average  figure  is  IS  pounds  of  air  per  pound  of  bituminous  coal  against 
21  IHHinds  for  the  chimney,  a  saving  of  5  per  cent  in  favor  of  the  fan. 
Again,  a  fan  i>ermits  of  a  low  temperature  of  the  flue  gases  without 
affecting  the  draft,  while  lowering  the  temperature  in  the  chimney 


» 


AV 


■ 

■     ■     !     '                             ' 

■     '     !     :     '     !     i         ' 

1 

1 
- —  -i 

i 

.  ,  !  i  :  [  i 

\  *                               i 

x.        *                                       ' 

i 

i 

^v                                                                                i 

i 

i 

x.                                ,      i 

i                                 - 

i 

—  — 

■     i 

i 

i     ■ 

— 

"V 


'.v  A>  30  40  JO 

LfeAV.il  Hurned  lVr  t*q.Ft.Gratt;  Per  Hr. 

'.  '.  *■.:»»: :.v  .»f  R.no  »»f  Combustion  on  Air  Supply.  —  Forced  Draft. 


^    :v    sr-i:1.  as  shown  in  Table  42.     From  Table  11  we  see  that 

■   .     i    !'.:o  c**s  temperature  of  25  degrees  F.  will  increase  the 

-.  ..-.vv     t'v:*.    one  per  cent.     With  an  economizer   the  flue 

.     .. ».     \   >x:.:ui\i  to  350  degrees  F.,  with  a  net  saving  of  al>out 

x\  Nv  o  tvr  cent  of  the  total  fuel.     It  is  in  this  con- 

.   :•-•'••>  ivvuliarlv  suitable.     Of  course,  the  chimnev 

.  ...  ^    *■■'•  a:i  oconomi/er.  effecting  the  same  reduction  in 

.,      -v  v^:,r.  v.uw:  be  made  sufficiently  great  to  overcome 

-x.^..*.uv  o'"  '.lie  economizer  and  the  reduction  in  tem- 

■a  ;■  i;>v^. 

h     .-.    -.he   dr:i::    may   be   readily  regulated   for 
^*.        Aw.i^i  :vxi-.i!reme:i!s.  independent  of  the  boiler 

_.v;  ...«\   ,iav<  a^^reeiablv  affect  the  draft  of 

. .       ^  .^  itlr  *\;vve:i:>  a'.:d  high  winds. 


CHAPTER  IX. 

RECIPROCATING  STEAM  ENGINES. 

luctory.  —  The  type  of  prime  fhover   best   suited  [for  a 

ation  is  the  one  which  delivers  the  required  power  at  the 

taking  into  consideration  all  charges,  fixed  and  operating. 

le  not  only  the  cost  of  fuel,  labor,  supplies  and  repairs, 

lead  charges  such  as  interest  on  the  investment,  deprecia- 

nance  and  taxes.     Space  requirements  and  continuity  of 

e  often  of  vital  importance,  and  may   greatly  influence 

i  of  type  of  prime  mover  and  auxiliary  apparatus.     In 

ions  the  gas  engine  and  producer  are  productive  of  the 

mercial  economy;  in  others  the  choice  lies  between  the 

I  steam  engine  or  turbine,  occasionally  the  hydroelectric 

the  best  returns,  but  in  general  each  proposed  installation 

in  itself,  and  general  rules  are  without  purpose. 

•ocating  steam  engine  is  the  most  widely  distributed  prime 

i  power  world,  and  although  its  field  of  usefulness  has  been 

cached  upon  in  recent  years  by  the  steam  turbine  and  gas 

still  an  important  heat  engine  and  will  probably  continue 

>r  for  years  to  come.     In  a  general  sense  the  piston  engine 

o  the  turbine  for  variable  speed,  slow  rotative  speeds  and 

lg  torque,  while  the  turbine  has  practically  superseded  the 

irge  central  station  units  and  for  auxiliaries  requiring  high 

d.     From  a  purely  thermal  standpoint  the  internal  combus- 

is  vastly  superior  to  the  steam  engine  and  the  turbine  is 

nical  in  space  requirements,  but  taking  into  consideration 

ems  affecting  the  production  of  power,  the  reciprocating 

still  prove  to  be  the  better  investment  in  many  situations. 

deal  Engine.  —  In   every  heat   engine  the  working  fluid 

i  a  circuit  or  cycle  of  operation.     Beginning  at  a  particular 

passes  through  a  series  of  successive  states  of  pressure, 

temperature  and   returns  to   the   initial   condition.     An 

ct  engine  which  effects  the  highest  possible  conversion  of 

jchanical  work  for  a  given  cycle  is  taken  as  a  standard  of 

for   the   performance   of   the   actual   engine.     Two   such 

•e  adopted  in  connection  with  the  steam  engine,  (1)  £~~ 
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The  heat  He  converted  into  work  during  the  cycle  is 

He  =  H  i  —  H2 

=  rx{xh  -  xa)  -  r2(xc  -  xd).  (93) 

l     From  thermodynamics  we  have  as  the  adiabatic  equation  for  a  liquid 
and  its  vapor 

r2(xc  -  xd)  =  y  r^Xb  —  x°)-  (94) 

r    Substituting  this  value  of  r2(xe  —  x^)  in  equation  (93)  we  get 

Hc  =  nfa  -  xg)  Tl  ~  T2.  (95) 

The  efficiency  i?c  of  the  perfect  engine  operating  in  the  Carnot  cycle 
is 


Tl(Xb—  Xa) 


Ti-T* 


E  =  Hr-H*  =  'A^°     ~a/      Ti       =  fx  -  T2  (96) 

c  /f  1  rix6  -  nxa  Ti 

which  is  independent  of  the  nature  of  the  working  substance  and  de- 
pendent only  on  the  range  in  temperature.  The  upper  limit  of  tem- 
perature is  that  corresponding  to  boiler  pressure,  and  the  lower  limit 
to  that  of  the  exhaust  steam.  Evidently  the  greater  this  temperature 
range  the  more  nearly  does  this  efficiency  approach  unity,  but  with  the 
present  limits  of  temperature  used  in  steam  engines  it  cannot  exceed 
38  per  cent. 

In  the  wholly  ideal  Carnot  cycle  the  entire  cycle  —  heat  reception 
and  expansion,  heat  rejection  and  compression  —  is  supposed  to  be 
performed  within  the  cylinder  itself,  using  an  unchanged  body  of  work- 
ing substance  over  and  over  again.  While  not  absolutely  impossible 
this  manner  of  operation  is  commercially  impracticable. 

The  nearest  approach  of  any  actual  engine  to  the  Carnot  cycle  is 
accomplished  by  the  Nordberg  system  of  progressive  feed-water  heat- 
ing, in  which  the  water  is  successively  heated  from  the  receivers  inter- 
mediate between  each  pair  of  cylinders.  (For  a  description  of  this 
engine  see  Eng.  News,  May  4,  1899,  p.  283.) 

Example:  Determine  the  efficiency  of  the  ideal  engine  working  in 
the  Carnot  cycle  if  the  boiler  pressure  is  200  pounds  absolute  and  the 
hack  pressure  2  pounds  absolute. 

T7!  =  388  +  459.6  =  847.6. 
T2  =  126.1  +  459.6  =  585.7. 
847.6  -  585.7 


E  = 


847.6 
=  0.309  or  30.9  per  cent. 


J 
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17*.   The   Kankine  Cycle   with   Complete  Expansion.*  —  The    Carnot 

cycle  is  practically  impossible  for  an  engine  using  superheated  steam 
at  constant  pressure,  and  in  general  is  not  closely  simulated  by  an 
engine  using  saturated  steam.  It  represents,  however,  the  theoretical 
limit  of  perfection  of  any  heat  engine. 

The  diagrams  in  Fig.  183  represent  the  action  of  the  working  fluid  in 
an  ideal  engine  cylinder,  operating  in  the  Rankine  cycle,  which  closely 
parallels  the  cycle  of  the  actual  engine,  ah  represents  the  admission 
of  steam  from  the  boiler  at  pressure  pi;  6c  is  an  adiabatic  expansion 
to  exhaust  pressure  p%\  cd  represents  the  exhaust,  and  da  is  an  adiabatic 
compression  to  the  initial  pressure. 
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Let  Hi  =  the  total  heat  of  one  pound  of  steam  at  pressure  pt. 

Hi  =  total  heat  of  one  pound  of  steam  at  pressure  pt  after  adia- 
batic expansion  from  pressure  pi. 
q2  —  heat  of  the  liquid  at  pressure  pj. 

The  heat  changed  into  work  per  pound  of  steam  is 

H,  -  Hi.  (97) 

The  heat  necessary  to  raise  the  feed  water  from  the  temperature  of 
exhaust  to  the  temperature  in  the  boiler  and  evaporate  it  is 

H,  -  g,.  (98) 

The  efficiency,  Er,  of  the  cycle,  or  the  ratio  of  the  heat  equivalent  of 
the  useful  work  to  the  heat  supplied,  is  * 


Hy 


ft 


W) 


*  Thiri  is  often  called  the  Clausius  cycle  since  it  was  published  simultaneous!/, 
hut  inili'jiaiilnitly,  hy  hotli  Clausius  and  Rankine.  This  cycle  has  been  adopted 
by  tin-  British  Variety  <>'■  Civil  lingineers,  and  is  generally  accepted  in  thlff  BWBtg 
as  the  standard  of  comparison  for  steam  engines  and  turbines. 
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and  the  water  rate  of  steam  consumption  of  the  perfect  engine,  Wn 
pounds  per  horse-power  hour,  may  be  expressed  as 
2546 


W,  - 

For  dry  steam  //i  =  n  +  Oi, 
For  wet  steam  /f,  =  xi  r,,  +  9i, 
For  superheated  steam  H\  =  n  +  q 


+  CA, 


(100) 
(101) 
(102) 
(103) 


Piston  Eneinc,  SiDgle  Cylinder,  Automatic  Governor. 


in  which 


n  =  heat  of  vaporization  at  pressure  p,, 
,f,  =  (niality  nf  steam  at  pressure  p., 
'/,  =  licat  of  the  li<|iiltl  at  pressure  px, 

(',  =  mean  specific  heat  of  the  superheated  steam  at  pressure  jh, 
(,  =  degree  of  superheat  or  the  difference  in  temperature  between  the 
superheated  and  saturated  steam  at  pressure  pi. 
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If  the  steam  after  adiabatic  expansion  is  wet  as  is  the  usual  case 

H2  =  xtr2  +  q*.  (104) 

If  initial  superheat  is  so  high  that  the  steam  at  the  end  of  expansion 
is  still  superheated 

#2  =  r2  +  g8  +  CV,  (105) 

in  which 

&*f  r*y  Q*  =  quality,  heat  of  vaporization  and  heat  of  the  liquid  re- 
spectively, at  pressure  p2, 
C  =  mean  specific  heat  of  superheated  steam  at  pressure  ;^, 
U  =  degree  of  superheat  at  pressure  p^. 

Before  the  total  heat-entropy  or  MoUier  diagram  came  into  common 
use  it  was  necessary  to  calculate  H2,  x2,  and  C"  from  thermodynamic 
equations,  a  tedious  and  laborious  procedure 
and  particularly  so  with  highly  superheated 
steam.  With  the  aid  of  this  diagram  all  prob- 
lems involving  adiabatic  expansion  are  solved 
with  ease  and  accuracy;  in  fact,  the  Mollier 
diagram  has  to  all  intents  and  purposes  sup- 
planted the  steam  tables  in  this  connection. 
For  this  reason,  the  thermodynamic  equations 
for  solving  Ht,  Sj,  and  C"  will  be  omitted.  Sec 
appendix  L. 

Example:  Determine  the  efficiency  and  water 
rate  of  the  ideal  engine  working  in  the  Rankine    Fi«.  iso.  Tho  Rankin?  Cycle 
cycle  if  the  steam  pressure  is  200  pounds  abso-       for  s"i^^twi  steam. 
lute,  superheat  250  degrees  F.,  and  exhaust  pressure  0.5  ]>ounds  absolute. 

From  steam  tables  or  the  Mollier  diagram  we  find 

Hi  =  1332  B.t.u.  and  ry2  =  48  B.t.u., 

From  the  Mollier  diagram  we  find 

H*  =  908  B.t.u., 
1332  -  908 


Entropy 


Er  = 


Wr  = 


jooo  —  4k    =  0-33  or  33  per  cent, 
2546 


1332  -  908 


=  0.0  pounds  per  horse-power  hour. 


175.  The  Rankine  Cycle  with  Incomplete  Expansion.  —  If  expansion 
after  cut-off  is  not  carried  far  enough  to  reduce  the  pressure  to  that  of 
the  back  pressure  line,  as  shown  in  Fig.  187,  the  Rankine  cycle  more 
nearly  simulates  the  cycle  of  the  actual  engine.  This  cutting  off  the 
"  toe  "  of  the  diagram  decreases  the  ideal  efficiency,  but  permits  of  the 
use  of  a  smaller  cylinder. 


3U           sum  nm  nin  nGrasssiNG 

The  work 

r  =  hi     T       ii        r      1 
dacha;  opHB  fan  *  to  C  ■ 
W=  =  ;J»k  +-  ft  —  «*  —  *)  X  778  foot-pounds, 

of  a  ponni 


ol  waits, 

x.  ».  and  f  at  the  qwdtft ,  heat  flqonaknt  of  the  internal  « 
daring  nporizuion  sad  the  heat  of  the  squid  respectively  at  press 

irjijeued  by  the  s 


Fw.  I>7.     Trie  Rukiae  Cycte  with  Incomplete  El"™"  (Saturated  Steam). 

The  work  done  by  the  piston  on  the  steam  during  exhaust  is 

Wj  =  p.  urvu*  +  o)  foot-pounds.  (] 

Tin'  total  work  done  U 

W,  =  IT,  +  IT,  -  IT,. 

I Vmbining  above  equations  and  reducing, 

IV,  ■'  yx-tx  +  vi-Af.-  -«?*>*■  77S  +  p,riUi-p1^,u,+  (pi  —  p»)<r.  (] 

The  last  term  is  small  and  may  be  omitted. 

.ViMiiiK  and  subtracting    — V  and  dividing  by  778  equation  (] 

reduces  to  „        „        „    ,   ,  ,  __ 

H,  =  Hi  -  II c  +  (pr  -  pt)  xeve  -s-  778.  (: 

The  steam  consumption  or  water  rate  of  the  perfect  engine  opera 

in  the  Rankinc  cycle  with  incomplete  expansion  is 

„. ,  2546 


:id  the  efficiency  is 


Ht~Hc+  (p.  -  pfou 


ffi-ft 
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If  pc  is  made  equal  to  p%  equation  (112)  will  be  reduced  to  the  same 
form  as  equation  (99)  because  the  cycle  in  such  case  becomes  complete. 

Example:  Find  the  efficiency  and  the  water  rate  of  a  perfect  engine 
working  in  the  incomplete  cycle,  using  the  data  of  the  previous  example, 
but  assuming  release  to  take  place  at  a  pressure  of  one  pound  above 
condenser  pressure. 

Hi  =  1332,  q2  =  48,  as  previously  determined, 

Pc  =  p%  +  1  =  0.5  +  1  =  1.5. 

From  the  Mollier  diagram 

Hc  =  965,  xc  =  0.856. 

From  steam  tables  uc  =  226. 
Substituting  these  values  in  (112) 

p ,  _  1332  -  965  +  (1.5  -  1)  0.856  X  226  -f-  778 

1332  -  48 
=  0.286  or  28.6  per  cent. 

176.  Conventional  Ideal  Engine.  —  In  designing  piston  engines  it  is 
customary  to  assume  as  a  basis  of  reference  an  ideal  cycle  which  con- 
siders only  the  kinetic  action  of  the 
steam  in  the  cylinder.  This  permits 
of  analysis  without  the  use  of  steam 
tables.  The  ideal  diagram  recom- 
mended in  this  connection  represents 
the  maximum  power  obtainable  from 
steam  accounted  for  by  the  indicator 
diagram  at  the  point  of  cut-off.* 
Such  a  diagram  for  a  simple  non- 
condensing  engine  is  illustrated  in 
Fig.  190.  AB  represents  admission  at  pressure  pi}  BC  represents 
hyperbolic  expansion  from  cut-off  B  to  release  at  C  and  DE  represents 
exhaust  at  atmospheric  pressure  p$.  The  work  done  is  represented  by 
the  area 

ABCDE  =  OABG  +  GBCF  -  OEDF.  (113) 

Area  OABG  =  pivh 

GBCF  =  fVapdv, 

OEDF  =  po*'2. 
Substituting  these  values  in  (113)  and  reducing 

Area  ABCDE  =  Vlvh  +  log,-)  -  p**.  (114) 

*  See  Trans.  A.S.M.E.,  vol.  24,  p.  751. 


Fig.  190. 


Conventional  Indicator 
Diagram. 
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Letting  —  =  r  (  =  ratio  of  expansion), 

Area  ABCDE  =  -pxvi  (1  +  log,r)  —  p^u%.  ( 

The  mean  effective  pressure  = 

area  ABCDE 
M.e.p.  = 


=  ?U  +  log,r)-p„  ( 

The  theoretical  maximum  horse  power  is 

PLAN 
n'      "    33,000  '  l 

in  which 

P  =  mean  effective  pressure,  pounds  per  square  inch, 

L  =  length  of  stroke  in  feet, 

A  =  area  of  cylinder  in  square  inches, 

N  =  number  of  working  strokes  per  minute. 

The  ratio  of  the  m.e.p.  of  the  actual  diagram  abcdef  to  that  of 
ideal  diagram  as  determined  above  is  called  the  diagram  factor.  1 
factor  is  determined  by  experiment  and  ranges  as  follows:  ("H 
Power  Engineering/ '  Hirshfeld  and  Barnard,  1912,  p.  325.) 

Simple  slide-valve  engine 55  to  90 

Simple  Corliss  engine 85  to  90 

Compound  slide-valve  engine 55  to  80 

Compound  Corliss  engine 75  to  85 

Triple  expansion  engine 55  to  70 

Example:  Determine  the  probable  horse  power  of  a  12-inch  X  1 
inch  simple  engine,  250  r.p.m.,  initial  pressure  120  pounds  absoluti 
cut-off  J  stroke,  diagram  factor,  0.75. 

r2       1       A 
r  =  -  =  j  =  4. 

Probable  m.e.p.  =  0.75  j  ^  (1  +  log,  4)  -  15)  I 

=  0.75  (30  X  2.386  -  15) 
=  42.4. 

T,    ,    ,,                •  ,           42.4  X  1  X  113  X500 
Probable  l.h.p  = oo  nm\ 

=  72.4. 
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-To  realize  the  ideal  Rankine  cycle  the 
of  the  cylinder  and  the  piston  must  be  non-condensing,  expansion 
cut-off  must  be  adiabatic,  the  action  of  the  valves  must  be  in- 
aneous  and  the  steam  passages  must  be  sufficiently  large  to  prv- 
wiredrawing.  None  of  these  conditions  is  fulfilled  by  the  actual 
le.  The  difference  between  the  action  of  saturated  steam  in  a 
ict  engine  working  in  the  Rankine  cycle  and  that  of  a  simple  non- 
[ensing  engine  for  the  same  initial  conditions  is  shown  in  Fig.  191 
and  (B). 

ne  area  ABCD,  Fig.  191  (.4),  represents  the  foot-pounds  of  energy 
loped  per  stroke  by  the  ideal  engine,  and  the  shaded  area  abed  the 
gy  developed  per  stroke  by  the  actual  engine  using  the  same  weight 
team.    The  difference  between  the  two  areas  represents  the  foot- 
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nds  of  energy  lost  or  wasted.  The  area  ABCD,  Fig.  191  (B),  rep- 
sits  the  heat  available  (B.t.u.  per  stroke)  for  doing  useful  work  in 

ideal  engine,  and  the  shaded  area  abed  the  heat  used  by  the  actual 
jine.    The  difference  between  the  two  areas  represents  the  heat  lost 

wasted.  The  corresponding  areas  in  (A)  and  (B)  are  identical 
w  referred  to  the  same  units.  The  various  losses  which  prevent  the 
tual  engine  from  obtaining  the  efficiency  of  the  ideal  are  outlined  in 
ngraphs  187  to  195. 

^M.  Effleteney  Standards.  —  The  performance  of  a  steam  engine  is 
lously  stated  as 

■  Steam  consumption,  pounds  per  hour  or  per  horse-power  hour. 
-    Heat  consumption,  B.t.u.  per  horse  power  per  minute. 

■  Thermal  efficiency,  per  cent. 
Mechanical  efficiency,  per  cent. 

.     Efficiency  ratio  or  potential  efficiency,  per  cent. 
.     Cylinder  efficiency. 
.    Commercial  efficiency. 
.    Duty  (see  paragraph  309), 
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Because  of  the  indiscriminate  use  of  many  of  these  terms  much  ( 
fusion  arises  in  comparing  the  results  of  different  experimenters.  : 
writer  has  consulted  a  number  of  authorities  and  the  definitions  gii 
in  this  text  are  in  accord  with  the  opinion  of  the  majority. 

The  indicator  offers  the  simplest  means  of  measuring  the  output 
a  piston  engine,  and  for  this  reason  the  performance  is  usually  stated 
indicated  horse  power.  The  indicated  horse  power  is  always  greater  tin 
the  net  available  power  by  an  amount  equivalent  to  the  friction  of  tl 
mechanism.  The  power  actually  developed,  or  brake  horse  power, 
not  readily  obtained  except  for  small  sizes,  and  it  is  customary  to  a] 
proximate  this  value  by  deducting  the  indicated  horse  power  wh( 
miming  idle  from  the  indicated  horse  power  when  running  under  tl 
given  load.  This  does  not  give  the  true  effective  power,  but  is  su 
ficiently  accurate  for  most  commercial  purposes.  (See  paragraph  192 
The  output  of  steam  turbines  and  piston  engines  driving  electric 
machinery  is  conveniently  stated  in  electrical  horse  power  or  kilowatt 
since  the  electrical  measurements  are  readily  made.  The  electric 
output  as  measured  at  the  switchboard  gives  the  net  effective  wori 
and  automatically  deducts  the  machine  losses.  Large  turbines  a 
usually  tested  at  the  factory  by  means  of  suitable  water  brakes,  ai 
the  brake  horse  power  may  be  obtained  from  the  makers. 

179.  Steam  Consumption.  —  The  most  generally  used  measure 
the  performance  of  a  steam  engine  or  turbine  is  the  steam  consumptk 
per  hour  or  per  unit  of  work  output.  For  reasons  stated  above  tl 
economy  of  the  piston  engine  is  given,  as  the  weight  of  steam  consume 
per  indicated  horse-power  hour.  This  must  not  be  confused  with  tl 
steam-  accounted  for  by  the  indicator  diagram,  or,  as  it  is  commonly  callet 
the  indicated  steam  consumption.  The  former  refers  to  the  actu 
weight  of  fluid  flowing  through  the  cylinder  and  the  latter  to  the  weigl 
of  steam  calculated  from  the  indicator  card.  (See  paragraph 
Appendix  C.)  For  electrically  driven  machinery  the  economy 
given  as  the  steam  consumption  per  electrical  horse-power  hour  or  p< 
kilowatt  hour.  If  the  initial  pressure,  quality  and  back  pressure  we 
constant  for  all  conditions  of  operation  the  hourly  steam  consumptk 
per  unit  output  would  be  a  true  measure  of  the  heat  efficiency.  (S* 
Tables  o0  to  0()  for  water  rates  of  saturated  steam  engines  and  Tabl 
o(.)  to  7^  for  superheated  steam  engines.) 

ISO.  Heat  Consumption.  —  Because  of  the  extreme  variation  ; 
steam  conditions  the  performance  of  all  engines  and  turbines  is  be 
expressed  in  terms  of  the  heat  consumption  per  unit  output  measure 
above  the  maximum  theoretical  temperature  at  which  the  condensatio 
can  be  returned  to  the  boiler.     This  temperature  is  called  the  i## 
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i-water  temperature.  Thus  the  ideal  feed-water  temperature  of  an 
jacketed  non-condensing  engine  without  receiver  coils  exhausting  at 
indard  atmospheric  pressure  is  212  degrees  F.,  and  that  of  a  con- 
tusing engine  exhausting  against  an  absolute  back  pressure  of  two 
rands  is  126  degrees  F.  If  the  engine  is  fitted  with  jackets  and  re- 
eating  coils  the  heat  of  the  liquid  at  jacket  and  coil  pressure  should 
e  added  to  that  of  the  exhaust  in  determining  the  ideal  feed-water 
emperature.  For  example,  if  a  condensing  engine  exhausts  against  an 
toolute  back  pressure  of  two  pounds,  and  ten  per  cent  of  the  total 
reight  exhausted  is  condensed  in  the  jackets  under  a  pressure  of  150 
jounds  absolute,  the  ideal  feed-water  temperature  will  be  159.5  degrees 
F.  (Heat  of  the  liquid  at  150  pounds  absolute  =  330  B.t.u.  per  pound. 
Beat  added  by  the  jackets  to  the  feed  water  =  330  X  0.1  =  33.  Heat 
of  the  liquid  at  two  pounds  absolute  =  94  B.t.u.  94  +  33  =  127  B.t.u., 
which  corresponds  to  an  actual  temperature  of  159.5  degrees  F.) 

Example:  (1)  A  compound  condensing  engine  develops  one  brake- 
horse-power  hour  on  a  steam  consumption  of  8.5  pounds,  initial  pressure 
200 pounds  absolute,  superheat  250  degrees  F.,  exhaust  pressure  0.5  pound 
absolute,  release  pressure  two  pounds  absolute.  (2)  The  same  engine 
when  using  wet  steam  develops  one  brake-horse-power  hour  on  a  steam 
consumption  of  12  pounds  per  hour,  initial  pressure  150  pounds  absolute, 
quality  98  per  cent,  exhaust  pressure  two  pounds  absolute,  release 
pressure  four  pounds  absolute. 
Determine  the  comparative  heat  consumption  of  the  two  engines: 

Superheated  steam  engine, 

Hi «  1332  (from  steam  tables), 
fr  =  48, 

Heat  supplied  per  d.h.p.-hour  8.5  (1332  -  48)  =  10,914  B.t.u., 
Heat  supplied  per  d.h.p.  per  minute  =  181.9  B.t.u., 
Saturated  steam  engine, 

# i  ■  tin  +  Qi 

=  .98  X  863.2  +  358.5  =  1176.1, 

(This  may  be  obtained  directly  from  the  Mollier  diagram.) 
ft  =  94, 

Heat  supplied  per  d.h.p.-hour  =  12  (1176  -  94)  =  12,985  B.t.u., 
Heat  supplied  per  d.h.p.  per  minute  =  216.4. 
Economy  of  superheated  steam 

1  O  Q    g 

(1)  in  steam  consumption,         100 — 9       =  29.2  per  cent, 
(?)  in  heat  consumption,    100 "ouTI — ~"  =  ^.9  Per  cent» 
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181.  Thermal  Efficiency.  —  The  thermal  efficiency  of  a  steam  engine 
or  turbine  is  the  ratio  of  the  heat  converted  into  useful  work  to  that 
supplied,  measured  above  the  heat  of  the  liquid  at  exhaust  pressure.* 
If  the  heat  consumption  is  expressed  in  terms  of  i.h.p.-hour,  the  ratio 
becomes  the  indicated  thermal  efficiency.    Since  the  heat  equivalent  ot 
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one  horse  power,  using  the  latest  accepted  values,  is  42.44  B.t.u.  per 
minute  or  254o  B.t.u.  per  hour,  this  relationship  may  be  expressed 


B.t.u.  supplied  per  b.h.p.-hour 
2546 


(118) 


=  the  weight  of   steam   supplied,   pounds   per  developed  1 

r  limit', 
and  <!■■  as  in  previous  equations. 

'In*  he:i1  Mipplinl  is  often  measured  above  the  actual  feed-water  ternpertturt 
I.  liilliT  is  nut  dependent  u]Hm  tin'  performance  of  the  engine  and  ben«i» 
[i*-l':Li'lnry  fur  purposes  <if  cnmp-irison.  The  nitio  of  the  heat  converted  into 
»riil,  in  thiit  sntiplieil  above  the  nrtitul  feed-w-itcr  temperature  is 
'thermal  I'llii-ieiicy  ratio,"  in  the  A.S.M.E.  Code  for  Testing  Steam  E 
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If  measured  in  electrical  units  this  relationship  becomes 

y^y    ,»  (119) 

H  i  (Hi  -  </2) 
in  which 

Wi  =  pounds  per  kilowatt-hour,  other  notations  as  in  (118). 

Example:    Determine  the  thermal  efficiency  for  the  two  engines  using 
the  data  of  the  preceding  problem. 
Superheated  steam  engine, 

2546 
E'  =  8.5  (1332  -  48)  =  °233  '  233  <**  Cent 

Saturated  steam  engine, 

2546 
Et  «  x2  (H76  1  -94)  =  °'196  =  19,6  per  cent 

Fig.  192  shows  the  present  status  of  the  piston  engine,  using  saturated 
steam  for  various  initial  pressures.  Table  66  gives  the  thermal  efficien- 
cies for  saturated  steam  engines,  and  Table  69  the  thermal  efficiencies 
for  superheated  steam  engines. 

182.  Meebanleal  Efficiency.  —  The  ratio  of  the  developed  or  brake 

horse  power  to  the  indicated  power  is  the  mechanical  efficiency  of  the 

engine;  the  ratio  of  the  electrical  horse  power  to  the  indicated  power  is 

the  mechanical  efficiency  of  the  engine  and  generator  combined;  and 

the  ratio  of  the  pump  horse  power  to  the  indicated  power  of  the  engine 

k  the  mechanical  efficiency  of  the  engine  and  pumps  combined.     The 

percentage  of  work  lost  in  friction  is  therefore  the  difference  between 

100  per  cent  and  the  mechanical  efficiency  in  per  cent.     (See  also 

paragraph  192.)     Table  56  gives  the  mechanical  efficiency  for  several 

types  of  engines  and  Fig.  193  illustrates  the  relation  between  load  and 

mechanical   efficiency  for  a  75-kilowatt  direct-connected  engine  and 

generator. 

183.  Efficiency  Ratio.  —  The  degree  of  perfection  of  an  engine  or  the 
extent  to  which  the  theoretical  possibilities  are  realized  is  the  ratio  of 
the  thermal  efficiency  of  the  actual  engine?  to  that  of  an  ideally  perfect 
^Hgine  working  in  the  Rankine  cycle  with  complete  expansion.  This 
*S  called  the  efficiency  ratio  or  potential  efficiency*  It  is  the  accepted 
standard  for  comparing  the  performance  of  steam  engines  and  steam 
turbines. 

•  The  term  "thermodynamic  efficiency"  or  "efficiency"  without  qualification  is 
*todinarily  interpreted  as  the  efficiency  ratio,  though  some  authorities  apply  the 
"thermodynamic  efficiency"  to  the  "thermal  efficiency"  aa  defined  in  pa~* 
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TABLE  56. 

MECHAXICAL  EFFICIENCIES  OF  EXCISES. 


1.  High-speed,  n<(n-eondenning.. 

2.  t!inh-«|H!j*fl,  condemning 

3.  Ixw-n[ie(.il ,  min-cimie lining.  . . 


Compound : 

4.  If  igh-fpee<l,  non-c«nxl«iiiinj{. 

5.  I[if(h-*ip{.-cd,  condensing 

ij.    f.ow-npecd,  non-condenning .  . 
7.    Low-Hficcil,  condenning 


Do.. 
Do. 


Triple:     (combined    efficiency     of     engine    and  , 
pump J  I 

10.  Pumping  engine ' 

Quadruple:    (combined  efficiency  of  engine  and  | 

pump)  ; 

11.  Pumping  engine 
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If  E  =  efficiency  ratio, 

Et  =  thermal  efficiency  of  the  actual  engine, 
Er  =  efficiency  of  the  ideal  engine  work  in  the  Rankine  cycle  with 
complete  expansion, 

Then  #  =  §•  (120) 

-Or 

From  equation  (118), 

Et  =        2546 


And  from  equation  (99) 

„  _  Hi  —  H% 

Whence 


Wi{Hi  -  q2)        Hi  -  <72. 

2546  (122) 


Example:  Determine  the  efficiency  ratio  of  the  two  engines  specified 
n  paragraph  180. 
Superheated  steam  engine: 

2546 
E  =  8.5  (1332  -  908)  =  °706  =  706  per  Cent> 

Saturated  steam  engine: 

2546 
*  =  12  (1176  -  898)  -  °763  -  763  per  Cent 

m 

Tables  66  and  69  give  the  best  recorded  efficiency  ratios  for  current 
practice. 

184.  Cylinder  Efficiency.  —  The  piston   engine   seldom  expands  the 

steam  down  to  the  existing  back  pressure  but  releases  from  two  to  five 

pounds  above  this  point  in  condensing  engines  and  from  15  to  20  pounds 

above  in  non-condensing  engines.     The  ideal  cycle  corresponding  to 

this  condition  is  the  Rankine  cycle  with  incomplete  expansion.     The 

jatio  of  the  thermal  efficiency  of  the  actual  engine  to  that  of  the  ideal 

engine  working  in  the  incomplete  cycle  is  a  true  measure  of  the  degree 

of  perfection  of  the  engine  under  the  given  conditions.     This  rate  is 

called  cylinder  efficiency  and  may  be  expressed  as 

E'=  W[(Hi  -  Hc)  +  (pc  -  p.)  xcuc  h-  778] '  (123) 

See  equations  (118)  and  (112). 
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It  may  be  expressed  also  by  the  relationship 

,  _  Steam  consumption  of  the  ideal  engine  with  incomplete  expansion 


£'  = 


Steam  consumption  of  the  actual  engine 


Example:    Determine   the   cylinder  efficiency  of  the   two  engines 
specified  in  paragraph  180. 


Superheated  steam  engine, 


£'  = 


2546 


8.5*  [1332  -  980  +  (2.0  -  0.5)  0.866  X  173.5  +  778] 
=  0.85  =  85.5  per  cent. 

Saturated  steam  engine, 

E'  = 


2546 


12  [1176  -  935  +  (4  -  2)  0.808  X  90.5  4-  778] 
=  0.88  =  88  per  cent. 

Summing  up  the  various  efficiencies  for  the  two  cases  analyzed  w 
paragraphs  180  to  184: 


Saturated 
Steam  Engine. 


Pressure,  pounds  per  square  inch,  absolute: 

Initial 

Release 

Condenser 

Degree  of  superheat ,  degrees  F 

Steam  consumption,  pounds  jx*r  developed-horse-power 
hour 

Actual  engine  » 

Ideal  engine,  Kankine  cycle,  with  incomplete  expan-  ! 
sion ■ 

Ideal  engine,  Kankine  cycle,  with  complete  expansion. ' 

Ideal  engine.  Camot  cycle 

Thermal  efficiency.  j>er  cent 

Actual  engine 

Ideal  engine.  Kankine  cycle,  with  incomplete  expan- 
sion  

Ideal  engine.  Kankine  cycle,  with  complete  expansion. 

1  ileal  engine,  (.\arnot  cycle 

Heat   con>umpt  ion.   H.t.u.,  per  developed-horse-power 
minute    ...  

Actual  engine.   Ideal  engine.  Kankine  cycle,  with    in- 
complete expansion 

Ideal  t  niiir.e.  Kankine  cycle,  with  complete  expansion 

Ideal  enc'.'-.e.  i"  .mot  c\cle  

Vt'iienc)   r.r  \>.  :vr  cent       

l/x '.;:»dcr  e'r\  v:   \     •screen: 


150 
4 
2 
0.98* 


12.00 

10.56 
9.16 
8.30 

19.6 

22.3 
25. S 
28.3 

216.4 

190  4 

165.1 

149  7 

76  3 

SS  0 


Superheated 
Steam" 


200 

2 

0.5 
250 


8.50 


722 
6.00 


23.3 

27.4 
333 


1S19 

1516 
12S.5 

. .  .  -  • 
706 
$5  0 


^  *  *  »  ■»  *  »  i 


•  Oj.i!iiy. 

.on  :vr  i  hp  -hour  t<  used  in  this  connection  msKsa  • 
,j::r  ::::^  r.»tio  becomes  the  indicated 
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S.  Commercial  Efficiencies.  —  There  is  no  accepted  standard  for 
lg  the  commercial  efficiency  of  an  engine  or  turbine.  The  various 
sures  used  in  this  connection,  such  as  pounds  of  standard  coal  per 
p.-hour,  cents  per  horse  power  per  year  and  the  like  include  the  economy 
he  boiler  and  auxiliaries  and  are  not  a  true  indication  of  the  per- 
aance  of  the  engine  alone.  From  a  commercial  standpoint  it  is  im- 
tant  to  know  the  weight  of  coal  required  to  develop  a  horse-power 
ir,  taking  into  consideration  all  of  the  losses  of  transmission  and  con- 
sion,  and  a  knowledge  of  the  over-all  efficiency  from  switchboard 
coal  pile  is  of  value  in  basing  the  cost  of  power,  but  these  items 
( in  reality  measures  of  the  plant  economy  and  are  of  little  value  in 
nparing  the  performance  of  the  prime  mover.  The  various  efficiencies 
ler  this  heading  are  treated  in  Appendices  C  to  G. 
M.  Heat  Losses  In  the  Steam  Engine.  —  The  principal  losses  which 
d  to  lower  the  efficiency  of  the  steam  engine  and  which  prevent  it 
a  realizing  the  performance  of  the  ideal  engine  are  due  to 

0   Cylinder  condensation. 

)    Leakage. 

•    Clearance  volume. 

Incomplete  expansion. 

Wire  drawing. 

Friction  of  the  mechanism. 
>    Presence  of  moisture  in  the  steam  at  admission. 
)    Radiation,  convection  and  minor  losses. 

*•  Cylinder  Condensation.  —  The  weight  of  steam  apparently  used 
revolution,  as  determined  from  the  indicator  card,  or  the  indicated 
m  consumption*   (see  paragraph  7,    Appendix  C)   is  considerably 
than  that  actually  supplied.     The  difference  or  missing  quantity  is 
chiefly  to  cylinder  condensation.     This  is  by  far  the  greatest  loss  in 
steam  engine  with  the  exception  of  that  inherent  in  the  ideal  en- 
J.    When  steam  is  admitted  to  the  cylinder  a  considerable  portion  of 
heat  Is  given  up  to  the  comparatively  cool  skin  surface  of  the 
nder  walls.     If  the  steam  is  saturated  at  admission  this  heat  ab- 
)tion  causes  condensation,  or  initial  condensation  as  it  is  called;    if 
erheated  at  admission  the  temperature  is  lowered  to  a  correspond- 
point.     After  cut-off  heat  continues  to  be  given  up  to  the  walls 
il  the  temperature  of  the  steam  falls  below  that  of  the  skin  surface, 
n  the  process  is  reversed  and  part  of  the  heat  is  returned  to  the 
■m.    With  saturated  steam  the  heat  absorption  causes  condensation 
Ing  expansion  and  the  heat  rejected,  re  evaporation  during  expansion. 

*  Also  called  the  steam  accounted  for  by  the  diagram  or  diagram  steam. 
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With  superheated  steam  an  equivalent  heat  exchange  takes  place. 
I'nlcss  the  cylinder  is  of  a  compound  series  the  heat  absorbed  from  the 
cylinder  walls  during  exhaust  does  no  useful  work  and  ia  lost.  Cylinder 
condensation,  measured  as  the  proportion  of  the  mixture  present, 
varies  with  the  size  of  the  engine,  speed,  length  of  cut-off,  valve  de- 
sign, temperature  range,  location  of  ports  and  port  passages,  jacket- 
ing, lugging,  and  other  variables.  It  ranges  from  16  to  30  per  cent, 
and  is  occasionally  as  high  as  50  per  cent  of  the  total  weight  of  steam 
admitted    to   the   cylinder.     Cylinder   condensation  and    leakage   are 
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classified  together  for  sake  of  simplicity.  Fig.  194  shows 
n  between  cylinder  condensation  and  leakage  losses  for  van- 
I  ages  tif  cut-oft"  for  simple  high-speed  non-condensing  engines, 
il  formulas  for  calculating  the  extent  of  these  losses,  and 
ilvc  I  hi-  various  influencing  factors,  are  unwieldly  and  only 
tcly  accurate.  One  of  the  most  satisfactory  formulas  of 
H.  C.  H.  Heck,  "The  Steam  Engine  and 


tll.lt    ililllU 

•II.  p.  17--, 
i-.  lira!  c\< 


htingcs  between  working  fluid  and  the  cylinder 
r  condensation  and  leakage,  are  approximately 
ring  the  indicator  diagram  to  the  temperature 
it.  I'M.) 
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For  use  and  application  of  the  temperature-entropy  diagram  in  engine 
tests  consult  Power,  Dec,  1907,  p.  834;  Jan.  21,  1908,  p.  96;  Jan.  28, 

1908,  p.  145. 

A  comparatively  simple  method  for  approximating  cylinder  con- 
densation and  leakage  losses  is  given  by  J.  Paul  Clayton,  Proc.  A.S.M.E., 
April,  1912,  and  consists  in  transferring  the  indicator  diagram  to  loga- 
rithmic cross-section  paper.  By  means  of  the  logarithmic  diagram 
Clayton  found  that  (1)  free  from  certain  abnormal  influences,  expansion 
and  compression  take  place  in  the  cylinder  substantially  according  to 
the  law  PVn  =  C,  (2)  the  value  n  bears  a  definite  relation  in  any  given 
cylinder  to  the  proportion  of  the  total  weight  of  steam  mixture  which 
was  present  as  steam  at  cut-off,  (3)  the  relation  of  the  value  n  to  the 
value  Xe  (quality  of  steam  at  cut-off)  for  the  same  class  of  cylinder  as 


131.3 
lli.3 


CRANK  END 


HEAD  END 
Fiq.  195.     Diagrams  taken  from  a  12  x  24  Corliss  Engine. 


regards  jacketing  is  practically  independent  of  engine  speed  and  of 
cylinder  size,  and  (4)  by  means  of  the  experimentally  determined  re- 
lation of  Xn  and  n  the  actual  steam  consumption  may  be  obtained 
from  the  indicator  card  to  well  within  4  per  cent  of  the  true  value. 
The  curves  in  Fig.  196  were  plotted  on  logarithmic  cross-section  paper 
from  the  pressure- volume  diagrams,  shown  in  Fig.  195,  and  illustrate 
Mr.  Clayton's  method  of  analysis.     The  curves  in  Figs.  197  and  198 
show  the  relation  between  quality  Xc  and  exponent  n  or  for  a  given 
^t  of  conditions.     For  applications  of  this  method  to  concrete  examples 
^ith  a  full  discussion  of  the  results  consult  the  paper  referred  to. 

188.  Leakage  of  Steam.  —  The  loss  due  to  leakage  is  a  variable 
fector  depending  upon  the  design  and  condition  of  the  engine,  and  is 
Sweater   with    saturated    than    with    superheated    steam.     The    usual 
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method  of  measuring  leakage  past  the  valves  and  piston  while 
engine  is  at  rest  is  likely  to  give  erroneous  results,  as  demonstrated 
Callender  and  Nicolson  (Peabody,  "Thermodynamics,"  p.  351)  in  tc 
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made  on  a  high-speed  automatic  balanced  valve  engine  and  on  a  q 

ruple  expansion  engine  with  plain  unbalanced  slide  valves.     With 
engines  at  rest  they  found  that  the  leakage  past  valves  and  piston 
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i  in  operation  the  leakage  from  the  steam  < 
cry  considerable  indeed.     It  was  thought  th 
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proportion  of  the  leakage  was  probably  in  the  form  of  water 
ed  by  condensation  of  steam  on  the  seat  uncovered  by  the  valve. 
■cording  to  the  report  of  the  Steam  Engine  Research  Committee 
;.  Lond.,  March  24,  1905,  p.  208),  leakage  through  a  plain  slide 
e  is  independent  of  the  speed  of  the  sliding  surfaces,  and  directly 
Qrtional  to  the  difference  in  pressure  on  the  two  sides;   with  wcll- 
1  valves  the  leakage  is  never  less  than  4  per  cent  of  the  volume  of 
ii  entering  the  cylinders,  and  is  often  greater  than  20  per  cent. 
ie  various  leakage  losses  may  be  approximated  by  transferring  the 
ator  diagram  to  logarithmic  cross-section  paper.     Fig.  197  shows 
pplication  of  the  logarithmic  diagram  to  a  specific  case  and  illus- 
i  this  method  of  determining  leakage  losses.     See  Clayton's  paper 
■ed  to  in  paragraph  188. 
tape  Past  Piston  Valves:  Engr.,  Feb.  9,  1912. 
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Fiu.  1!)S.  Relation  of  Quality  and  the  Value  of  >t. 
Clearance  Volume.  —  The  portion  of  the  cylinder  volume  not 
through  by  the  piston  but  which  is  nevertheless  filled  with  steam 
admission  occurs  is  called  the  clearance  volume.  It  is  the  space 
en  the  end  of  the  piston  when  on  dead  center  and  the  inside  of 
lives  covering  the  ports.  It  varies  from  about  1  per  cent  of  the 
displacement  in  very  large  engines  with  short  steam  passages 
per  cent  or  more  in  small  high-speed  engines.  When  the  steam 
ed  in  the  clearance  space  is  compressed  to  the  initial  pressure 
■cpansion  is  carried  down  to  the  back  pressure,  the  clearance  h;is 
effect  upon  the  economy  of  the  engine,  but  since  expansion  ami 
■ession  are  seldom  complete  in  actual  practice,  the  loss  may  be  rou- 
ble.    (Ripper,  "Steam  Engine,"  p.  103.)     The  shorter. the  cut-off 
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the  greater  will  be  the  ratio  of  the  weight  of  cushion  steam  to  tt 
the  steam  supplied  and  hence  the  greater  the  relative  loss.  In  large 
speed  engines  the  loss  may  be  insignificant  if  the  clearance  volume 
small,  while  in  small  high-speed  engines  it  may  be  considerable. 

The  ratio  of  expansion  is  decreased  by  clearance;  for  exampl 
engine  cutting  off  at  one-fifth,  neglecting  clearance,  has  an  appj 
ratio  of  expansion  of  5,  but  if  the  clearance  volume  is  10  per  eeir 
actual  ratio  is  only  3.6G.  One  of  the  few  recorded  tests  relative  t< 
influence  of  clearance  on  the  economy  of  a  high-speed  engine  was 
ducted  on  a  14  X  15  Allfree  engine.  (Power,  May,  1901.)  Wi 
clearance  volume  of  2.2  per  cent,  initial  pressure  105  pounds  gi 
and  172  r.p.m.,  the  best  performance  was  23.7  pounds  of  dry  si 
per  i.h.p.  hour.  With  the  same  steam  pressure  and  speed,  but 
clearance  volume  increased  to  6  per  cent  by  the  use  of  a  shorter  pii 
the  best  performance  was  28.3  pounds  per  i.h.p.  hour.  In  both  < 
the  compression  was  carried  up  to  admission  pressure. 

Independent  tests  made  by  Prof.  Boulvin  and  by  A.  H.  Klemj 
on  single-cylinder  Corliss  engines  gave  a  minimum  water  rate  wher 
clearance  volume  was  approximately  one-half  the  compression  voli 
See  end  of  paragraph  190. 

Engine  Clearance  and  Compression:  Power,  July  5,  1910,  Dec.  27,  1910;  £ 
Journal,  Doc,  1910. 

190.  Loss  due  to  Incomplete  Expansion  and  Compression*  —  T 

retically  the  loss  due  to  incomplete  expansion  is  considerable, 
example,  the  theoretical  steam  consumption  of  a  perfect  engine  (] 
kinc  cycle)  expanding  from  120  pounds  absolute  to  a  condenser  ] 
sure  of  2  pounds  absolute  is  9.6  pounds  per  horse-power  hour.  Ii 
expansion  were  carried  to  only  5  pounds  absolute,  the  exhaust  pre* 
remaining  the  same,  the  steam  consumption  would  be  increase 
11.8  pounds  per  horse-power  hour,  a  difference  of  22  per  cent  fo 
increase  in  terminal  pressure  of  only  3  pounds  per  square  inch. 
theoretical  water  rates  for  various  terminal  pressures  are  given  be 


Terminal  IYessure, 

Pounds  jkt  Square 

Inch  Absolute. 


1 

1.5 


2 . ." 


Steam  Consumption 
of  Perfect  Engine. 


8.5 
9.1 
9.G 

10 


lerminal  Pressure, 

Pounds  per  Square 

Inch  Absolute. 


3 
4 
5 
6 


Steam  Consumj 
•  of  Perfect  Ea? 


10.4 
11.1 
11. S 
12.3 


In    actual    engines   expansion    is    seldom    complete,    since   it  w 
necessitate  increased  bulk  and  weight  of  engine,  and  the  work  < 
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the  steam  in  the  last  stages  would  not  compensate  for  the  increased 
t. 

n  single-cylinder  engines  maximum  economy  is  effected  when  the 
minal  pressure  is  considerably  above  that  of  the  exhaust,  since  the 
n  due  to  complete  expansion  is  more  than  offset  by  the  increased 
inder  condensation.  This  is  true  to  a  certain  extent  in  all  engines 
espective  of  the  number  of  cylinders.  Tests  by  G.  H.  Barrus 
Engine  Tests,"  1900)  to  determine  the  terminal  pressures  effecting 
urimum  economy  for  various  types  of  engine  gave  results  as  follows: 


Terminal  Pressure, 

Pounds  Absolute. 

30  to  40 

25  to  30 

20  to  25 

15  to  18 

18  to  22 

3  to    5 

mple  slide-valve  engines,  non-condensing 
mple  slide- valve  engines,  condensing  .... 
mple  Corliss  engines,  non-condensing. . . . 

imple  Corliss  engines,  condensing 

(impound  engines,  non-condensing 

impound  engines,  condensing 


In  high-speed  engines  a  certain  amount  of  compression  is  desirable 
fits  cushioning  effect;  outside  of  this  mechanical  feature  compres- 
on  may  or  may  not  be  of  benefit  to  the  engine,  as  will  be  seen  from 
ie  results  of  tests  stated  below.  Zeuner  in  his  treatise  on  theoreti- 
i  thermodynamics  proves  deductively  that  in  an  engine  with  a  large 
earance  volume  the  loss  due  to  clearance  is  completely  eliminated  if 
ie  compression  is  carried  up  to  admission  pressure,  a  conclusion  which 
sts  by  Jacobus,  Carpenter,  and  others  fail  to  confirm.  A  series  of 
sts  by  Professor  Jacobus  (Trans.  A.S.M.E.,  15-918)  on  a  10  X  11 
gh-speed  automatic  engine  at  Stevens  Institute  show  decreasing 
onomy  with  increase  of  compression,  the  initial  pressure,  cut-off,  and 
lease  remaining  constant.     The  results  were  as  follows: 


"oportion  of  initial  pressure 

steam  is  compressed 

earn,  pounds  per  i.h.p.  hour. . 


up  to  which   the 


Full 
38 


Tests  by  Carpenter  (Trans.  A.S.M.E.,  16-957)  on  the  high-pressure 
linders  of  the  Corliss  engine  at  Sibley  College  gave: 


impression,  per  cent 

ake  horse  power 

earn,  pounds  per  b.h.p.  hour 


11.4 

25 

30 

29 

33 

33.3 

35.2 

26 

34 


Tests,  made  by  A.  H.  Klemperer  on  a  7.1  X  17.7-inch  Corliss  engine. 
Dresden,  gave  decreasing  steam  consumption  for  increase  in 
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pression  up  to  a  compression  of  about  twice  the  clearance  volume,  be- 
yond which  the  water  rate  increased  with  the  increase  in  compression. 
(Zeit  d.  Ver.  deut.  Ingr.,  Vol.  I,  1905,  p.  797.) 

Tests,  made  by  Prof.  Boulvin  on  a  9.8  X  19.7-inch  Corliss  engine  at 
University  of  Ghent,  give  results  agreeing  with  those  of  Klemperer. 
(Revue  de  Mecanique,  1907,  Vol.  XX,  p,  109.) 

Fig.  199  shows  the  influence  of  increasing  back  pressure  on  the 
economy  of  an  8  X  10-inch  automatic  high-speed  engine  at  the  Armour 
Institute  of  Technology. 
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191.  Loss  due  to  Wire  Drawing. —  Wire  drawing,  or  the  drop  in 
pressure  due  to  the  resistances  of  the  ports  and  passages,  has  the  effect 
of  reducing  the  output  and  the  economy  of  the  engine  to  some  extent, 
since  the  pressure  within  the  cylinder  is  less  than  that  at  the  throttle 
during  admission  and  greater  than  discharge  pressure  at  exhaust. 
The  steam  may  he  dried  to  a  small  extent  during  admission,  but  bfr* 
cause  of  the  drop  in  pressure  the  heat  availability  is  reduced.  Insingfe" 
valve  engines  the  effects  of  wire  drawing  are  decidedly  marked  and  the 
true  points  of  cut-off  and  release  are  sometimes  difficult  to  locate  on 
the  indicator  card.  In  engines  of  the  Corliss  or  gridiron-valve  type 
the  effects  are  hardly  noticeable. 

19?.  Loss  due  to  Friction  of  the  Mechanism.  —  The  difference  between 
the  indicated  horse  power  and  that  actually  developed  is  the  powef 
consumed  in  overcoming  friction,  and  varies  from  4  to  20  per  cent  of 
the  indicated  power,  depending  upon  the  type  and  condition  of  &* 
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Jne.  Engine  friction  may  be  divided  into  (1)  initial  or  no-load 
:tion  and  (2)  load  friction.  The  stuffing-box  and  piston-ring  friction 
practically  independent  of  the  load,  while  that  of  the  guides,  bear- 


I  ndlcatedJBLorse- Power 
Fig.  200.    Typical  Curves  of  Steam  Engine  Friction. 

gs,  and  the  like  increases  with  the  load.  In  Fig.  200,  curve  A  gives 
le  relation  between  the  frictions  for  a  four-slide-valve  horizontal 
•oss  compound  engine,  and  B  that  for  a  simple  non-condensing  Corliss. 
Peabody's  "Thermodynamics,"  pp.  433  and  437.)    Curve  C  is  plotted 

TABLE  57. 
DISTRIBUTION  OF  FRICTION  IN  SOME  DIRECT-ACTING  STEAM  ENGINES. 

(Thurston.)* 


Puts  of  Engines  where  Friction 
Is  Measured. 


kin  bearings. 


feton  and  piston  rod 


rank  pin . 


rosshead  and  wrist  pin, 
jive  and  vajve  rod .  .  .  . 


gcentric  strap 


'ink  and  eccentric. 


m  pump. . 


Percentage  of  Total  Engine  Friction. 


A         *2 

tt »     o    • 
■5*    a  <u 


ed    > 


&  2 


5.4 


5       § 
.Sfs    3  4 

■•-»    G    c    ed 


47 

0 

32 
6 

9 
8 

5 

4 

2 

5 

35.4 


£  s 

c  2  o 

o  c  c  o 

■*■*  "*  d  > 

3  e  5  3 


35.0 


25.0 


5.1 


4.1 


26.4 


4.0 


100.0 


100.0 


21.0 


13.0 


22.0 


9.0 


100.0 


o  a  > 


IS 


S 


41.6 


49.1 


9.3 


100.0 


*    -3 

1  §  I  £ 


46.0 


21.8 


21.0 


12.0 


100.0 


•  •« 


Friction  and  Lost  Work  in  Machinery,"  p.  13. 
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from  the  tests  of  a  Reeves  vertical  cross  compound  condensing  engine 
(Engineering  Record,  July  1,  1905,  p.  24),  and  D  from  the  test  of  an 
Ames  simple  high-speed  non-condensing  engine.  (Engineering  Record, 
Vol.  27,  p.  225.)  A  large  number  of  recorded  tests  enow  less  friction  at 
full  load  than  at  no  load,  but  this  is  probably  due  to  error  or  to  varia- 
tions in  lubrication.  With  first-class  lubrication  it  is  usually  suffeciently 
accurate  to  assume  the  friction  to  be  constant  and  equal  to  the  initial 
friction  at  zero  load.  The  distribution  of  the  frictional  losses  in  a 
number  of  engines  is  given  in  Table  57. 

193.  Moisture.  —  The  presence  of  moisture  in  the  steam  pipe  is  due 
to  condensation  caused  by  radiation  or  to  priming  at  the  boiler.  Un- 
less removed  by  some  separating  device  between  boiler  and  engine 
the  amount  of  moisture  entering  the  cylinder  may  be  from  1  to  5  per 
cent  of  the  total  weight  of  steam,  and  the  work  done  per  pound  of 
fluid  is  correspondingly  reduced.  This  loss  should  not  be  charged 
against  the  engine,  however,  and  its  performance  should  be  reckoned  , 
on  the  dry  steam  basis.  Experiments  reported  by  Professor  R.  C.  Car- 
penter (Trans.  A.S.M.E.,  15-438)  in  which  water  in  varying  quantities 
was  introduced  into  the  steam  pipe,  causing  the  quality  of  the  steam 
to  range  from  99  per  cent  to  57  per  cent,  showed  that  the  consump- 
tion of  dry  steam  per  i.h.p.  hour  was  practically  constant,  the  water 
acting  as  an  inert  quantity.  An  efficient  separator  will  remove  prac- 
ticallv  all  the  entrained  water. 

194.  Radiation  and  Minor  Losses.  —  The  radiation  and  conduction  of 
heat  from  the  cylinder,  piston  rod  and  valve  stem  has  the  effect  of  in- 
creasing the  cylinder  condensation.  In  jacket  engines  this  loss  may  be 
approximated  by  the  quantity  of  steam  condensed  in  the  jacket  when 
the  engine  is  not  running.  In  unjacketcd  engines  the  loss  is  practically 
underterminable  since  the  heat  exchange  between  cylinder  walls  and 
the  steam  is  exceedingly  complex. 

195.  Heat  Lost  in  the  Exhaust.  —  Most  of  the  heat  supplied  to  the 
engine  is  rejected  to  the  exhaust;  this  varies  from  65  per  cent  in  the  best 
types  of  engines  to  95  per  cent  in  the  poorer  types.  If  all  of  the  exhaust 
is  used  for  heating  or  manufacturing  purposes  the  heat  chargeable  to 
power  is  the  difference  between  the  heat  supplied  and  that  rejected. 
In  determining  the  latter  it  is  necessary  to  know  the  quality  of  the 
exhaust  steam  since  a  considerable  portion  of  the  fluid  discharged  is 
water.  The  quality  varies  from  92  per  cent  in  high-speed  non-con- 
densing engines  running  at  full  load  to  80  per  cent  or  lower  in  compound 
non-condensing  engines  operating  at  light  loads.  For  example,  a 
24  X  18-ineh  simple  engine  direct  connected  to  a  200-kilowatt  gener- 
ator, installed  at  the  Armour  Institute  of  Technology,  uses  55  pound* 
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steam  per  kilowatt  hour  at  full  load,  initial  pressure  115  pounds 
leolute,  back  pressure  2  pounds  gauge.  The  quality  of  the  exhaust 
tiering  the  heating  system  is  90  per  cent.  During  the  summer  months 
hen  the  exhaust  is  discharged  to  waste  the  entire  heat  supplied  above 
he  feed-water  temperature  of  210  degrees  F.  is  chargeable  to  power, 
a  extravagant  waste  of  heat.  During  the  winter  months  when  all  of 
be  exhaust  is  used  for  heating  purposes  the  heat  chargeable  to  power 
s  55  [1188.8  -  (0.9  X  965.6  +  187.5)]  =  7276  B.t  u.  per  kilowatt-hour, 
iririch  is  equivalent  to  7276  +  [1188  -  (210  -  32)]  =  7.2  pounds  of 
ixnler  steam  per  kilowatt-hour,  a  performance  unequalled  by  any  com- 
pound condensing  engine.  With  condensing  engines,  in  which  no  dis- 
position is  made  of  the  heat  absorbed  by  the  circulating  water,  which 
is  the  usual  case,  all  of  the  heat  rejected  to  the  exhaust  less  the  small 
■mount  reclaimed  from  the  hot  well  is  chargeable  to  power.  The 
latent  heat  rejected  to  exhaust,  however,  is  an  inherent  loss,  even  for 
the  ideal  engine  operating  in  the  Rankine  cycle. 

IN.  Methods  for  Increasing  Economy.  —  Various  methods  have  been 
adopted  for  bettering  the  economy  of  piston  engines,  among  them  may 
be  mentioned: 

(a)  Increasing  boiler  pressure. 
(6)  Use  of  receiver  reheaters. 

(c)  Steam  jackets. 

(d)  Increasing  rotative  speed. 
(t)  Compounding. 

(/)  Superheating. 

(g)  Decreasing  back  pressure. 

(h)  Use  of  binary  vapors. 

(0  Use  of  uniflow  or  straight  flow  cylinders. 

Some  of  these  items  will  be  considered  separately,  others  will  be  in- 
cluded in  the  discussion  of  the  different  classes  of  engines. 

!•*•  Effect  of  Increased  Steam  Pressure.  —  A  consideration  of  the 
Bankine  and  Carnot  Cycles  indicates  that  theoretically  the  greater  the 
temperature  range  the  greater  will  be  the  efficiency.  (See  Fig.  192.) 
*&  the  actual  engine  the  temperature  range  is  most  readily  increased 
ty  raising  the  boiler  pressure,  since  the  limit  of  the  back  pressure  is 
Poetically  fixed  by  the  cooling  medium  in  the  condenser.  The  theoreti- 
^1  gain  resulting  from  increased  pressure  range  is,  however,  very  con- 
siderably affected  by  the  increase*!  losses  clue  to  cylinder  condensation. 

fig.  201  shows  the  results  of  tests  made  at  the  Armour  Institute  of 
lechflology  on  an  8  X  10  automatic  high-speed  piston-valve  engine, 
**owing  marked  gain  with  increase  of  initial  pressure  up  to  a  certain 
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point  when  the  condensation  losses  became  sufficiently  great  to 
tralize  the  advantage  which  would  otherwise  be  gained. 

The  following  figures  were  obtained  in  tests  of  a  small  Willans  en{ 
non-condensing,  under  different  steam  pressures: 


Initial  Pressure,  Gauge. 

Pounds  Steam  per  I.H.P. 
Hour. 

B.T.U.  per  I.H.P.  per 
Minute. 

36.3 

42.8 

700 

51.0 

36.0 

595 

74.0 

32.6 

544 

85.0 

29.7 

495 

97.0 

26.9 

450 

110.0 

27.8 

465 

122.0 

26.0 

436 

Referring  to  Fig.  192,  it  may  be  noted  that  both  the  theoretical  i 
the  actual  efficiencies  increase  very  slowly  for  pressures  above 
pounds.     Practically,  gain  in  efficiency  due  to  increasing  the  press 
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Viij.  201.     Influence  of  Initial  Pressure  on  the  Economy  of  a  Small,  High-speed,  N 

condensing  Engine. 

al>ovo  about  200  pounds  is  at  the  expense  of  increased  first  cost  a 
maintenance  and  is  only  resorted  to  when  small  weight  and  space  i 
the  most  important  considerations. 
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The  range  of  pressures  sanctioned  by  modern  practice  for 
pes  of  engines  is  as  follows: 
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different 


Type  of  Engine. 


•imple  slow-speed  (standard  type) 

iimple  high-speed  (standard  type) 

Simple,  uniflow 

Compound  high-speed,  non-condensing 
Compound  high-speed,  condensing. . . . 
Compound  slow-speed,  condensing. . . . 

Triple  expansion,  condensing 

Quadruple  expansion,  condensing 


Range  in  Pressure 
(Gauge). 

Average. 

60-120 

90 

70-125 

100 

125-225 

175 

100-180 

140 

100-180 

140 

125-200 

170 

140-250 

200 

125-275 

225 

118.  Receiver  reheaters:  Intermediate  Reheating. — The  receivers  be- 
ween  the  cylinders  of  multi-expansion  engines  are  frequently  equipped 
with  heating  coils,  as  illustrated  in*  Fig.  447,  the  function  of  which  is  to 
superheat  the  exhaust  steam  before  delivering  it  to  the  cylinder  im- 
nediately  following,  with  a  view  of  reducing  the  losses  occasioned  by 
cylinder  condensation.  The  coils  are  supplied  with  live  steam  under 
boiler  pressure  and  may  serve  to  evaporate  a  portion  of  the  moisture 
x  to  actually  superheat  the  steam  supplied  to  the  following  cylinder, 
rhe  question  of  the  propriety  of  using  reheaters  is  an  open  one,  since 
reliable  data  relative  to  their  use  are  meager  and  discordant.  The  con- 
iitions  under  which  the  few  recorded  tests  were  made  are  too  diverse 
to  warrant  definite  conclusions.  Some  show  an  appreciable  gain  in 
economy,  others  a  decided  loss.  A  reheater  is  of  little  value  in  improv- 
ing the  thermodynamic  action  of  the  engine,  and  is  probably  a  loss 
unless  it  produces  a  superheat  of  at  least  30  degrees  F.,  and  to  be  fully 
effective  should  superheat  above  100  degrees  F.  (L.  S.  Marks,  Trans. 
AJS.M.E.,  25-500.)  The  effectiveness  of  the  reheater  will  evidently  be 
increased  by  the  removal  of  the  greater  portion  of  the  moisture  from 
the  exhaust  steam  before  it  enters  the  receiver.  In  the  5000-horse- 
power  engine  at  the  Waterside  Station  in  New  York  it  was  shown  that 
both  jackets  and  reheaters,  either  together  or  alone,  were  practically 
valueless  throughout  the  working  range  of  load.  (Power,  July,  1904, 
P-  424.)  Many  similar  cases  may  be  cited  which  show  no  gain  in 
economy  with  the  use  of  the  reheaters.  In  all  cases  the  reheater  effects 
a  great  reduction  in  the  condensation  in  the  low-pressure  cylinders, 
"Ut  the  resulting  gain,  considering  the  condensation  in  the  reheater 
coils,  may  be  little  if  any.  On  the  other  hand,  with  properly  propor- 
tioned reheaters,  the  gain  may  be  considerable  and  particularly  with 
^perheated  steam.  Practically  all  European  engines  operating  with 
ttgMy  superheated  steam  are  equipped  with  receiver-reheaters. 
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the  locomobile  type  of  engine  plant  the  intermediate  reheating  is 
effected  by  heating  coils  placed  in  the  path  of  the  furnace  gases.  For  a 
complete  description  of  the  locomobile  with  results  of  tests  under  vary- 
ing conditions  of  operations,  see  Zeit.  des.  Ver.  deut.  Ingr.,  Vol.  55, 
1911,  p.  410  (serial);  ibid,  p.  922.     See  also  Fig.  226. 

In  triple-expansion  pumping  engines  receiver-reheaters  are  found  to 
effect  an  appreciable  gain  in  economy,  and  practically  all  such  engines 
are  equipped  with  them.  In  electric  traction  work  or  where  the  load 
is  a  widely  fluctuating  one  the  reheatcr  has  been  virtually  abandoned. 
Apart  from  the  consideration  of  fuel  economy,  all  tests  show  a  marked 
increase  in  the  indicated  power  of  the  low-pressure  cylinder  (5  to  15 
per  cent),  and  to  that  extent  it  increases  the  capacity  of  the  entire 
engine.     (G.  H.  Barrus,  Power,  Sept.,    1903,  p.  516.) 

Engine  Rehtakrs:  Mech.  Engr.,  Dec.  23,  1910. 

199.  Jackets.  —  If   the  walls  of  the   cylinder  arc  made  double  and 
the  space  between  is  filled  with  live  steam  under  boiler  pressure,  the 
cylinder  is  said  to  be  steam  jacketed.     The  function  of  the  jacket  is 
to  reduce  initial  condensation  by  maintaining  the  temperature  of  the 
internal  walls  as  nearly  as  possible  equal  to  that  of  the  entering  steam. 
The  heat  given  up  by  the  jacket  steam,  and  the  resulting  condensa- 
tion, is  usually  a  smaller  loss  than  would  otherwise  result  from  cvlinder 
condensation.     However,  tests  of  numerous  engines  with  and  without 
steam  jackets  do  not  agree  as  to  the  conditions  under  which  their 
use  is  profitable,  the  apparent  gain  ranging  from  zero  to  30  per  cent. 
According  to  Peabody,  a  saving  of  from  5  to  10  per  cent  may  be  made  by 
jacketing  simple  and  compound  condensing  engines,  and  a  saving  of 
from  10  to  15  per  cent  by  jacketing  triple  expansion  engines  of  300  horse 
power  and  under.     On  large  engines  of  1000  horse  power  or  more  the 
•rain,  if  any,  is  very  small.     (Peabody,  "Thermodynamics,"  p.  400.) 

^ther  things  being  equal,  the  smaller  the  cylinder  and  the  lower  the 
-isron   speed   the  greater   is   the   value   of  the  jacket.     Experiments 
-r.-  w  no  advantage  in  increasing  the  jacket  pressure  more  than  a  few 
••  in'.Ls  above  that  of  the  initial  steam  in  the  cylinder,  and  it  is  usual 
■?-:?ii,e  the  pressure  in  the  jackets  of  the  second  and  succeeding 

-  .:v>r-  ■£ multi-expansion  engines.     (Ripper,  "Steam  Engine," p.  170.) 

-  -?-".'iivo.  jackets  should  be  well  drained,  kept  full  of  live  steam, 

-  T-_--r  of  condensation  returned  directly  to  the  boiler. 
■   .,:   -r-iiies  and  other  slow-speed  engines  running  at  practi- 

■  -  .r.r  _.;a«A  are  generally  jacketed,  but  in  street-railway  woik 
-     ...   -r  of  manufacturing  plants  carrying  fluctuating  load, 
-  -  '   -naiiered  advantageous. 


/  i 
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Whatever  may  be  the  actual  economy  due  to  jacketing,  there  is  no 
question  but  that  the  jacket  greatly  influences  the  action  of  the  steam 
in  the  cylinders,  and  whether  beneficially  or  not  depends  upon  the 
design  and  construction  of  the  engine.  Unless  otherwise  specified, 
manufacturers  usually  build  their  engines  without  jackets. 

2t*.  Increasing  Rotative  Speed.  —  High  rotative  speed  does  not 
necessarily  mean  high  piston  speed.  An  8  X  10  engine  running  at 
300  r.p.m.  has  a  piston  speed  of  only  500  feet  per  minute,  whereas  a 
36  X  72  Corliss  running  at  60  r.p.m.  has  a  piston  speed  of  720  feet  per 
minute.  The  classification  "high  speed"  and  "low  speed"  refers  to 
rotative  speed  only,  the  former  above  and  the  latter  below,  say  150 
r.p.m. 

On  account  of  the  reduction  of  thermodynamic  wastes,  a  high-speed 
engine  should  give  theoretically  a  higher  efficiency  than  the  same  en- 
gine at  a  lower  speed,  all  other  conditions  being  the  same.     The  effect 
of  speed  upon  economy  is  decidedly  marked  in  engines  and  pumps 
taking  steam  full  stroke.     For  example,  tests  of  a  12  X  7\  X  12  simplex 
direct-acting  steam  pump  at  Armour  Institute  of  Technology  showed 
a  steam  consumption  of  300  pounds  per  i.h.p.  hour  at  10  strokes  per 
minute,  and  only  99  pounds  at  100  strokes  per  minute.     (See  Figs.  383 
and  384.) 

Tests  of  engines  using  steam  expansively,  however,  do  not  furnish 
conclusive  evidence  on  this  point,  some  showing  a  decided  gain  (Pea- 
body,  "Thermodynamics,"  p.  425),  others  little  or  no  gain  (Barrus, 
"Engine  Tests,"  p.  260).     For  example,  a  small  Willans  engine  showed 
an  increase  in  economy  of  20  per  cent  in  increasing  the  rotative  speed 
from  111  to  408  r.p.m.  (Peabody,  "Thermodynamics,"  p.  402),  whereas 
the  compound  locomotive  at  the  Louisiana  Purchase  Exposition  showed 
*  loss  in  economy  for  the  higher  speeds  (Publication  by  the  Pennsyl- 
vania Railroad  Company).     On  the  other  hand,  a  comparison  of  the 
performances  of  high-  and  low-speed  Corliss  engines  shows  little  differ- 
ence in  economy,  and  a  general  comparison  between  high-  and  low-speed 
engines  furnishes  little  information,  since  nearly  all  high-speed  engines 
are  of  a  different  class  from  the  low-speed  ones.     High-speed  engines  are 
comparatively  small  in  size,  require  larger  clearance  volume,  and  are 
usually  fitted  with  a  single  valve.     Rotative  speed  is  limited  by  design, 
Material,  workmanship,  and  cost  of  subsequent  maintenance.     Speeds 
rf  400  r.p.m.  and  more  are  not  unusual  with  single-acting  engines, 
whereas  300  r.p.m.  is  about  the  limit  for  double-acting  machines  with 
strokes  over  12  inches  in  length.     A  comparison  of  tests  of  high-speed 
and  low-speed  engines  in  this  country,  irrespective  of  design  and  con- 
-atruction,  shows  the  former  to  be  less  economical  than  the  latter  in 
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most  cases.  In  Europe  high-speed  engines  are  developed  to  a  high 
degree  of  efficiency,  and  their  performances  are  comparable  with  the 
best  grade  of  low-speed  engines. 

High-speed  engines  as  a  class  have  the  advantage  of  being  more 
compact  for  a  given  power,  are  simple  in  construction  and  relatively 
low  in  first  cost;  on  the  other  hand,  they  are  subject  to  comparatively 
rapid  depreciation,  excessive  vibration,  and  are  less  economical  in 
steam  consumption. 

201.  High-speed  Single-valve  Simple  Engines.  —  This  style  of  engine 
is  made  in  sizes  varying  from  10  to  500  horse  power.  The  cylinder 
dimensions  vary  from  4  X  5  to  24  X  24  and  the  rotative  speed  from  300 
to  175  r.p.m. 

When  ground  is  limited  or  costly  and  exhaust  steam  is  necessary 
for  heating  or  manufacturing  purposes,  the  high-speed  non-condensing 
engine  is  most  suitable  for  horse  powers  of  200  or  less,  being  compact, 
simple  in  construction  and  operation,  and  low  in  first  cost.  For  sizes 
larger  than  this  the  compound  engine  would  probably  prove  a  better 
investment,  except  in  cases  wThere  fuel  is  very  cheap  or  large  quantities 
of  exhaust  steam  are  to  be  used  for  manufacturing  purposes. 

Small  high-speed  engines  are  seldom  operated  condensing,  since  the 
gain  due  to  reduction  of  back  pressure  is  more  than  offset  by  the  extra 
cost  of  the  condenser  and  appurtenances. 

Engines  are  ordinarily  rated  at  about  75  per  cent  of  their  maximum 
output.  For  example,  a  12  X  12  non-condensing  engine  running  at 
300  r.p.m.,  with  initial  steam  pressure  of  80  pounds  gauge,  is  normally 
raced  at  70  horse  power,  though  it  is  capable  of  developing  90  horse 
power  at  the  same  speed. 

The  steam  consumption  of  high-speed  single-valve  non-condensing 

-BKine$  at  full  load  ranges  from  27  to  50  pounds  per  indicated  horse- 

Tower  hour,  deluding  ui>on  the  size  of  the  unit  and  the  conditions  of 

□osciun.    An  average  for  good  practice  is  not  far  from  30  pounds. 

"VTrii  superheated  steam  a  steam  consumption  as  low  as  18  pounds 

t  hour  has  been  recorded. 

*2*  irivrc  the  steam  consumption  of  a  number  of  single-valve 

engines    running    condensing    and    non-condensing,   and 

rs  some  of  the  results  for  different  loads.     The  steam 

:*  fairly  constant  from  50  per  cent  of  the  rated  load  to  25 

i.  but  for  earlier  loads  the  economy  drops  off  rapidly. 

if  operating  the  engine  near  its  rated  load  is  at  once 

»s  show  a  marked  economy  in  favor  of  the  larger 

s  are  not  of  the  same  make,  and  the  conditions 

i\  different. 

J 
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nost  economical  cut-off  for  a  simple  engine  is  about  one-third 
fourth  stroke  when  running  non-condensing,  and  about  one- 
len  running  condensing. 

performances  given  in  Table  59  are  exceptional.  It  is  not  ad- 
to  count  on  a  better  steam  consumption  for  this  type' of  engine 
to  35  pounds  of  steam  per  i.h.p.  hour. 

206  shows  the  effects  of  condensing  on  a  typical  single-valve 
«d  engine.  The  gain  in  fuel  economy  may  be  only  an  apparent 
ce  the  steam  consumption  of  the  condensing  apparatus  should 
fully  charged  to  the  engine. 
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!07  shows  the  relation  between  total  steam  supplied,  unit  water 
1  quality  of  exhaust  at  various  loads  for  a  22  X  18  high-speed, 
alve,  non-condensing  engine  direct  connected  to  a  200-kilowatt 
nrrent  generator  as  installed  in  the  power  plant  of  the  Armour 
e  of  Technology. 

:  curves  afford  a  means  of  determining  the  heat  actually  required 
ih  power  when  the. exhaust  is  used  for  heating  purposes.  During 
mer  months  the  total  heat  supplied  measured  above  the  fecd- 
'tnperature  is  chargeable  to  power.  During  the  winter  months 
;  required  to  furnish  the  electrical  energy  is  the  difference  be- 
le  total  heat  supplied  and  that  exhausted  to  the  heating  system, 
■agraph  194.)     This  latter  is  readily  obtained  from  the  qual'' 
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curve.  By  means  of  an  indicating  or  recording  flow  meter  placed  in 
the  exhaust  line  leading  to  the  heating  system  the  heat  chargeable  to 
power  may  be  readily  obtained  during  the  months  when  only  part  of 


1 

i 

i 

TUT 

>F    REEVES    SIMPLE    ENGINE 

as 

j 

-DE  •>    PHI*.    ■,  C.  MHM.tEK  MB  «K>.     *  HBKH 

s 

., 

1 

S 

\ 

1 

'■'-" 

,.,-. 

• 

> 

* 

" 

Developed  Horae-Powtir, 

* 

* 

0 

- 

.    | 

1 

i 

? 

i 

Initial  Pressure.  100  Pounds  Gauge. 
Bi.uk  Pressure,  1  Pound  Gauge. 
Initial  Qual.13-,88  Per  Cent. 

X   J 

! 

^ 

i    i 

,-j    ■  M1 

jj^iS-^Ci. 

Sit 

'' 

"' 

aU 

: 

4,0)0 

0 

ii         ■--. 

ii 

(H 

i 

■a      n 

in 

0        18 

o      ac 

o      1 

Loud,  Kilow.i 
of  200-kil,)wntt  Dir 
Simile,  Noi.-cuuiU'iisiiij;  Engine. 


ted    Engine-genet 


.  used  fur  heating  purposes.  Although  the  quality  curves 
■i.il  ease  they  may  be  used  as  a  moans  of  roughly  approo- 
:,t  exhausted  by  any  high -speed  non-condensing  engine. 
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In  general,  when  the  requirements  for  exhaust  steam  are  in  excess  of  the 
earn  consumption  of  a  simple  non-condensing  engine  a  high-grade  eco- 
omical  engine  is  without  purpose. 

TABLE  58. 

ECONOMY  OF  AUTOMATIC  SINGLE-CYLINDER  NON-CONDENSING  ENGINES. 


Indicated  Horse 

Pounds  Steam  per  Indicated  Horse  Power  Hour  at 

Power. 

Full  Load. 

Three-quarter  Load 

One-half  Load. 

One-quarter  Load. 

80 
100 
125 
150 
200 
300 

29.42 
28.96 
28.47 
28.12 
27.51 
26.64 

29.93 
29.40 
28.84 
28.46 
27.81 
26.75 

31.66 
31.04 
30.42 
29.95 
29.25 
27.97 

37.08 
36.00 
35.10 
34.38 
33.26 
31.68 

Above  engine  economies  are  based  on  dry  saturated  steam  at  125  lbs.  Engine 
loree  powers  are  figured  with  steam  cutting  off  at  25%  of  stroke.  The  economies 
given  are  for  medium  speed  piston  valve  engines  of  the  highest  type  only. 

M.  High-speed  Multi-valve  Simple  Engines.  —  The  steam  distribu- 
bution  in  a  single-valve  engine  may  give  good  economy  for  a  very  small 
range  in  load  but  be  far  from  satisfactory  for  a  wide  range.  This  must 
necessarily  be  so  since  admission,  cut-off,  release,  and  compression  are 
*U  functions  of  one  valve,  and  any  change  in  one  results  in  a  change  of 
the  others.  To  obviate  the  limitations  of  the  single  valve,  many 
builders  design  engines  with  two  or  more  valves.  With  a  two-valve 
engine  cut-off  is  independent  of  the  other  events,  and  with  four  valves 
all  events  are  independently  adjustable.  In  addition  to  the  flexibility 
of  the  valve  gear,  the  chief  feature  of  the  four-valve  engines  lies  in  the 
reduction  of  clearance  volume  which  is  made  possible  by  placing  the 
ralves  directly  over  the  ports.  The  valves  may  be  of  the  common 
fide-valve  or  rotary  type.  As  a  class,  four-valve  engines  are  more 
conomical  than  those  having  a  less  number  of  valves.  The  advantages 
ad  disadvantages  of  the  four-valve  over  the  single-valve  engines  may 
b  tabulated  as  below. 


Advantages. 

1.  Better  steam  distribution. 

2.  Better  regulation. 

J.    Reduced  clearance  volume. 
I.    Less  valve  leakage. 
>.    Better  economy. 


Disadvantages. 

1.  Increased  number  of  parts. 

2.  Increased  first  cost. 

3.  Requires  greater  attention. 


Fhe  steam  consumption  of  a  high-speed  four-valve  non-condensing 
pne  varies  from  22  to  35  pounds  of  saturated  steam  per  horse-power 
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r,  with  an  average  not  far  from  27  pounds.  With  superheated  steam 
steam  consumption  may  run  as  low  as  15  pounds  per  horse-power 

ig.  208  gives  a  comparison  between  a  single-valve  and  a  four-valve 
i-speed  engine,  and  though  the  engines  differ  slightly  in  size,  the- 
ditions  of  operation  were  comparable  and  the  marked  gain  in  economy 
he  latter  over  the  former  is  apparent.  Both  performances  are  ex- 
tional,  and  a  10  to  15  per  cent  greater  steam  consumption  may  be 
ected  in  average  good  practice. 
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a  a  general  rule  single-valve  simple  engines  do  not  exceed  500  horse 
er  in  size  for  stationary  work,  whereas  1000  horse  power  is  not  an 
iimmon  size  for  the  multi-valve  type. 

3.  Medium  and  Low-speed  Mult) -valve  Simple  Endues.  —  A  coin- 
son  of  tests  of  high-  and  low-speed  single-valve  engines  irrespective 
esign  and  construction  shows  the  former  as  a  class  to  be  less  eco- 
acal  than  the  latter.  With  four-valve  engines  there  is  no  such  dis- 
ty,  and  the  high-speed  type  has  shown  just  as  good  economy  as  the 
-speed  class.  For  example,  Engine  No.  17,  Table  59,  with  Corliss 
es  and  a  speed  of  210  r.pjn.,  gives  practically"  the  same  economy 
orliss  engine  No.  15  operating  at  62  r.p.m.  By  far  the  greater  i 
of  simple  multi-valve  slow-speed  simple  engines  are  of  the  ) 
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type.  They  range  in  size  from  50  to  3000  horse  power,  with  cylinder! 
varying  from  12  X  30  to  48  X  72.  The  smaller  sizes  with  trip-valv< 
gear  run  at  90  to  100  r.p.m.,  and  the  larger  at  50  to  75  r.p.m.  Withou 
the  trip  gear,  speeds  of  150  r.p.m.  are  not  uncommon,  but  at  this  speec 
they  are  usually  classified  as  high-speed  engines. 

Table  60  gives  the  steam  consumption,  condensing  and  non-condensing 
of  a  number  of  four-valve  slow-speed  simple  engines.  For  performance: 
of  uniflow  engines,  see  paragraph  210. 

TABLE  60. 

ECONOMY  OF  CORLISS  OR  MEDIUM-SPEED  FOUR-VALVE  SIMPLE  ENGINES. 

Following  engine  economies  are  based  on  dry  saturated  steam  at  130  pounds  anc 
exhausting  against  atmospheric  pressure.  Engine  horse  powers  are  figured  witl 
steam  cutting  off  in  the  cylinder  at  25  per  cent  of  stroke. 


Pounds  Steam  per  Indicated-horse-power  Hour  at 

Indicated  Horse 

Power. 

Full  Load. 

Three-quarter  Load 

One-half  Load. 

One-quarter  Load. 

200 

23.45 

23.05 

24.75 

35.00 

350 

23.03 

22.54 

24.07 

33.79 

500 

22.61 

22.06 

23  45 

32.73 

650 

22.24 

21.67 

22.92 

31.71 

800 

22.00 

21.40 

22.57 

30.91 

900 

21.90 

21.31 

22.44 

30.48 

204.  Compound  Engines. —  Compound  engines  may  be  divided  into 
three  classes,  tandem,  cross  compound,  and  duplex.      In  the  tandem 
the  two  cylinders  are  end  to  end,  in  the  cross  compound  side  by  side, 
and  in  the  duplex  one  above  the  other.     The  tandem  and  duplex  com- 
pounds have  the  advantage  of  (1)  compactness  for  a  given  power,  (2) 
less  complication  and  fewer  parts,  and  (3)  low  first  cost.     The  crank 
effort  is  more  variable  than  in  the  cross  compound.     In  very  large 
engines  the  low-pressure  stage  is  generally  divided  between  two  cylinders 
of  equivalent  size  to  avoid  an  excessively  large  single  cylinder  and  to 
distribute  the  crank  effort.     High-speed  non-condensing  compounds  are 
ordinarily  of  the  tandem  type  and  are  finding  much  favor  in  isolated 
station  work,  as  in  the  power  plants  of  tall  office  buildings  where  ground 
space  is  limited,  though  the  duplex  compound  is  sometimes  used.    The 
vertical  or  horizontal  cross  compound  is  generally  installed  in  street- 
railway  plants. 

Cylinder  ratios  for  high-speed  single- valve  compound  engines  vary 
from  about  1  to  2\  with  100  pounds  pressure  to  about  1  to  3  with  a 
pressure  of  loO  pounds,  and  for  slow-speed  condensing  engines  from  1  to 
3  with  125  pounds  pressure  to  about  1  to  4  with  a  pressure  of  175  pounds. 
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[.  Rockwood  recommends  a  ratio  as  high  as  7  to  1,  and  a  number  of 
jnes  designed  along  this  line  have  shown  exceptional  economy.  A 
ss-compound  Corliss  engine  at  the  Atlantic  Mills,  Providence,  R.I., 
h  cylinders  16  and  40  X  48  (ratio  6.128  to  1)  gave  the  low  steam 
lsumption  of  11.2  pounds  of  steam  per  i.h.p.  hour,  corresponding  to  a 
at  consumption  of  222  B.t.u.  per  i.h.p.  per  minute.  The  5500-horse- 
wer  engines  of  the  New  York  Edison  Company  have  a  cylinder  ratio 
6  to  1.  The  great  majority  of  compound  engines,  however,  have 
Under  ratios  of  4  to  1  or  less.  The  8000-horse-power  engines  of  the 
terborough  Rapid  Transit  system  have  a  ratio  of  4  to  1,  and  the  4000- 
rse-power  units  of  the  Metropolitan  Elevated  Company,  New  York,  a 
tioof  3.5  to  1. 

The  respective  advantages  and  disadvantages  of  compounding  may 
tabulated  as  follows: 

Advantages.  Disadvantages. 

L  Permits  high  range  of  expansion.  1.   Increased  first  cost  due  to  multi- 

l.  Decreased  cylinder  condensation.  plication  of  parts. 

I.  Decreased  clearance  and  leakage  2.   Increased  bulk. 


3.  Increased  complexity. 

I.  Equalized  crank  effort.  4.  Increased  wear  and  tear. 

).  Increased      economy     in     steam         5.  Increased  radiation  loss, 
consumption. 

The  ratio  of  expansion  for  a  multi-expansion  engine  is  usually  taken 

be  the  product  of  the  ratio  of  the  volume  of  large  to  small  cylinder 

rided  by  the  fraction  of  the  stroke  at  cut-off  in  the  high-pressure 

finder.    For  example,  a  compound  engine  with  cylinders  24,  48  X  48 

tting  off  at  |  in  the  high-pressure  cylinder  has  a  nominal  ratio  of 

pansion  of  4  -5-  $  =  12.     The  number  of  expansions  at  rated  load  in 

mpound  condensing  engines  varies  widely,  ranging  from  10  to  33, 

th  an  average  not  far  from  16. 

Fhe  steam  consumption  shown  by  tests  of  a  number  of  compound 

pnes  using  saturated  steam,  condensing  and  non-condensing,  is  given 

Table  66.     For  tests  with  superheated  steam  see  Table  69. 

•Ig.  211  shows  the  relative  economy  under  comparable  conditions 

i  high-speed  simple  and  a  high-speed  compound  engine,  both  running 

-condensing  and  using  saturated  steam.     The  advantage  of  the 

tpound  at  full  load  and  overload  is  very  marked,  though  its  economy 

38  off  rapidly  at  light  loads  and  may  be  less  than  that  of  the  simple 

ne. 

ig.  212  shows  the  relative  economy  of  two  compound  Corliss  engii 

ling  condensing  and  non-condensing,  both  using  saturated  steal. 
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It  should  be  borne  in  mind  that  the  object  of  compounding  is  to 
permit  the  advantageous  use  of  high  pressures  and  large  ratios  of  a- 
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pansion.  Under  proper  conditions  compounding  may  increase  the 
economy  at  rated  load  about  20  per  cent  for  non-condensing  engines 
and  30  per  cent  for  condensing  engines. 
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Aii  exceptional  performance  of  a  single-valve  high-speed  non-o»" 
ileusing  compound  engine  is  that  of  engine  No.  20,  Table  66.  Wi* 
initial  gauge  pressure  of  128  pounds  the  steam  consumption  is  «■* 
pounds  per  i.h.p.  hour,  eorre.sponding  to  a  heat  consumption  of  376  B.t* 
per  i.h.p.  per  minute. 
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lie  of  the  best  performances  of  a  multi-valve  high-speed  compound 
-condensing  engine  is  that  of  engine  No.  14,  Table  66.  With  initial 
sure  of  175  pounds  gauge  the  steam  consumption  at  full  load  is 
7  pounds  per  i.li.p.  hour,  corresponding  to  a  heat  consumption  of 
B.t.u.  per  i.h.p.  per  minute. 

]e  8000-horse-power  vertical  cross-compound  Corliss  engines  of  the 
rborough  Rapid  Transit  system  (No.  6,  Table  66)  probably  hold 
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record  for  economy  for  compound  engines  without  jackets  and  re- 
ers,  using  saturated  steam.  With  initial  pressure  of  175  pounds 
«  and  absolute  back  pressure  of  2.2  pounds,  the  steam  consumption 
.96  pounds  per  i.h.p,  hour,  corresponding  to  a  heat  consumption 
JO  B.t.u.  per  i.h.p.  per  minute.  In  estimating  average  practice  it 
d  be  safe  to  add  10  per  cent  or  20  per  cent  to  the  steam  consumptions 
i  in  Table  66. 

g.  213  illustrates  the  performance  of  the  5500-horse-power  thrcc- 
ider  compound  engine  at  the  Waterside  Station  of  the  New  York 
»n  Company.  The  best  economy  is  11.93  pounds  of  steam  per 
>.  hour,  corresponding  to  a  heat  consumption  of  221  B.t.u.  per  i.h.p. 
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TABLE  61. 

ECONOMY  OF  AUTOMATIC  TANDEM  COMPOUND* ENGINES  RUNNING  NON- 
CONDENSING. 


Pounds  Steam  per  Indicated  Horae  Power  at— 

Indicated  Horee 

Power. 

Full  Load. 

Three-quarter  Load. 

One-half  Load. 

Oefrqoarter  Loid. 

100 

24.04 

25.06 

29.54 

43.84 

150 

22.94 

23.82 

28.00 

41.40 

200 

22.36 

23.19 

27.19 

40.46 

250 

21.98 

22.75 

26.65 

39.13 

350 

21.48 

22.18 

25.96 

38.01 

450 

21.27 

21.92 

25.61 

37.45 

Above  engine  economies  are  based  on  dry  saturated  steam  at  140  pounds.  Cylin- 
der ratios  are  4  to  1,  and  engine  horse  powers  are  figured  with  steam  cutting  off  in  the 
high-pressure  cylinder  at  25  per  cent  of  stroke.  The  economies  given  are  for  medium- 
speed  piston-valve  engines  of  the  highest  type  only. 

Above  cylinder  ratios  are  for  engines  normally  operating  condensing.   These 
economies  are  given,  however,  so  that  engineers  may  know  the  steam  consumption 
of  this  class  of  engine  when  it  becomes  necessary  to  operate  same  non-condenflD& 
through  lack  of  condensing  water,  or  when  it  is  desired  to  use  the  exhaust  steam  for 
heating  purposes. 


TABLE  62. 

ECONOMY  OF  AUTOMATIC  TANDEM  COMPOUND  CONDENSING  ENGINES. 

Following  engine  economies  are  based  on  dry  saturated  steam  at  140  pounds 
and  vacuum  of  26  inches.  Cylinder  ratios  are  4  to  1,  and  engine  horse  powers  ar 
figured  with  steam  cutting  off  in  the  high-pressure  cylinder  at  25  per  cent  of  strata 
The  economies  given  are  for  medium-speed  piston  valve  engines  of  the  higher 
type  only. 


Pounds 

i  Steam  per  Indicated  Horse-power  Hour  at  — 

Indicated  Horse 

Power. 

1 

Full  I/Oad. 

Three-quarter  Load. 

One-half  Load. 

One-quarter  Loac 

150 

20.25 

21.51 

26.00 

37.83 

300 

19.10 

20.12 

24.10 

33.90 

1(X) 

18.55 

19.45 

23.11 

32.07 

500 

18.15 

18.93 

22.44 

30.90 

(MX) 

17.92 

18.67 

22.08 

30.20 

700 

17. S3 

18.55 

21.91 

29.95 
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TABLE  63. 

OF  CORLISS  OR  MEDIUM-SPEED  FOUR-VALVE  TANDEM  COMPOUND 
ENGINES  RUNNING  NON-CONDENSING. 


rse 

• 

Pounds  Steam  per  Indicated  Horse-power  Hour  at  — 

Full  Load. 

Three-quarter  Load. 

One-half  Load. 

One-quarter  Load. 

19.71 
19.20 
18.91 
18.74 
18.68 
18.66 

21.74 
21.10 
20.66 
20.41 
20.32 
20.30 

26.82 
25.90 
25.20 
24.73 
24.55 
24.48 

39.54 
37.80 
35.46 
35.31 
34.81 
34.47 

$ine  economies  are  based  on  dry  saturated  steam  at  150  pounds  pressure 

ing  at  atmospheric  pressure.     Cylinder  ratios  are  4  to  1,  and  engine 

are  figured  with  steam  cutting  off  in  the  high-pressure  cylinder  at  25  per 


e. 


Under  ratios  are  for  engines  normally  operating  condensing.     These 

•e  given,  however,  so  that  engineers  may  know  the  steam  consumption 

of  engine  when  it  becomes  necessary  to  operate  same  non-condensing, 

of  condensing  water,  or  when  it  is  desired  to  use  the  exhaust  steam  for 


oses. 


TABLE  64. 

OF  CORLISS  OR  MEDIUM-SPEED  FOUR-VALVE  TANDEM  COMPOUND 

CONDENSING  ENGINES. 


•se 

Pounds  Steam  per  Indicated  Horse-power  Hour  at  — 

Full  Load. 

Three-quarter  Load. 

One-half  Load. 

One-quarter  Load. 

15.42 

15.30 

17.26 

24.00 

14.74 

14.60 

16.45 

22.47 

14.29 

14.10 

15.78 

21.30 

13.97 

13.76 

15.34 

20.48 

13.73 

13.51 

15.02 

19.94 

13.56 

13.33 

14.83 

19.66 

13.49 

13.23 

14.71 

19.52    ' 

fcine  economies  are  based  on  dry  saturated  steam  at  160  pounds  and 
juum.  Cylinder  ratios  are  4  to  1  and  engine  horse  powers  are  figured 
utting  off  in  the  high-pressure  cylinder  at  25  per  cent  of  stroke. 
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Triple  and  Quadruple  Expansion  Engines.  —  Triple  and  quadruple 

Lsion  engines  are  still  in  use  where  the  load  is  practically  constant, 

marine  and  pumping-station  practice,  but  have  been  abandoned 

eet-railway  work  and  in  plants  where  the  load  fluctuates  widely 

TABLE  65. 

)NOMY  OF  MODERN  VERTICAL  TRIPLE-EXPANSION  PUMPING  ENGINES. 

(Official  Trials.) 


Type. 

Location. 

Rated 

Capacity, 

Milliona 

of  U.S. 

Gallons. 

Initial 

Gauge 

Pressure. 

Duty. 

Dry 

of 

*  m 

Per  Thou- 
sand Lbs. 
of  Dry 
Steam. 

Per 

One 

Million 

B.t.u. 

Steam 

I.h.p. 
Hour. 

-09 
-10 

Holly 
Holly 
Holly 

Holly 
Holly 
Allis 

Allis 
Allis 
Allis 

Louisville,  Ky 

Albany,  N.  Y 

Brockton,  Mass 

Cleveland,  Ohio 

Boston,  Mass 

St.  Louis,  Mo 

St.  Louis,  Mo 

Milwaukee,  Wis. . . . 

24 
20 
12 

6 

2.5 
30 

20 
15 
12 

155.1 
180.2 
153.0 

150.0 
149.6 
185.5 

140.6 
126.2 
124.6 

♦195.0 
184.4 
182.1 

170.0 
164.6 
178.5 

181.3 
179.4 
175.4 

164.5 

*9.64 

-10 

-09 

-07 
-00 

-06 
-00 
-10 

148.8 
163.9 

158.8 
158.1 
151.0 

11.51 
10.33 

10.66 
10.67 
10.82 

•  109  degrees  F.  superheat  at  throttle. 


a  of 
it. 

Type. 

R.P.M. 

5-09 

Holly 

24.0 

>-10 

Holly 

20.1 

WO 

Holly 

22.3 

H)9 

Holly 

40.1 

>-07 

Holly 

62.3 

2-00 

Allis 

17.7 

4-06 

Allis 

16.5 

5-00 

Allis 

16.4 

5-10 

Allis 

20.4 

Water  Actually 
Pumped,  Mil- 
lions of  U.S. 

Gallons  24  Hrs. 


24.111 

21.219 
12.193 

6.316 

2.142 

30.314 

20.070 
15.121 
12 . 430 


Net  Head 

Pumped 

Against,  Lbs. 

per  Sq.  In. 


90.0 

95.7 

139.5 

130.6 

180.7 

61.0 

104.0 
127.0 
121.0 


Indicated 

Horse 

Power. 


Developed 

Horse 

Power. 


925.7 


158.7 
801.5 

859.2 
801.6 
673.0 


Thermal 

Efficiency 

Per  Cent. 

I.h.p. 


879.4 
817.0 
726.0 

334.0 
151.9 
747.8 

839.6 
726.3. 
618.0 


22.54 


19.13 
21.63 

20.92 
21.00 
20.25 


ivor  of  the  two-  or  three-cylinder  compound.  The  best  economy  on 
ot-wnit  basis  ever  recorded  for  an  engine  using  saturated  steam  was 
of  the  Nordburg  quadruple  pumping  engine  at  Wildwood,  Pa., 
ih  gave  a  consumption  of  12.26  pounds  per  i.h.p.  hour  and  a  heat 
sumption  of  186  B.t.u.  per  i.h.p.  per  minute  reckoned  above  the 
-water  temperature.*    The  Allis  triple-expansion  pumping  enuine 

Replaced  in  1905  by  a  Riedler  pumping  engine  on  account  of  high  m 
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at  Chestnut  Hill  holds  the  record  for  saturated-steam  consumption, 
10  pounds  per  i.h.p.  hour,  and  its  exceptional  performance  of  one  de- 
veloped horse  power  per  1.09  pounds  of  coal  has,  perhaps,  never  been 
excelled. 

Triple  Expansion  Engines,  —  Cylinder  Proportions  for  Triple  Expansion  Engines: 
Trans.  A.S.M.E.,  21-1002,  10-576.  Economy  of  Triple  Expansion  Engines:  Trans. 
A.S.M.E.,  8-496. 

2M.  Effects  of  Condensing.  —  The  effect  of  the  condenser  upon  the 
power  and  economy  of  engines  is  indicated  in  Table  67.  The  curves 
in.  Figs.  215  and  216  were  plotted  from  tests  made  by  Professor  R.  L. 
Weighton  on  a  7,  10£,  15-J  X  18  triple-expansion  engine  at  Durham 
College  of  Science,  Newcastle-on-Tyne.  The  straight  line  shows  how 
the  mean  effective  pressure  would  vary  with  the  degree  of  vacuum  if 
the  power  increased  directly  with  the  reduction  in  back  pressure.  The 
curved  line  shows  the  actual  m.e.p.,  which  increases  almost  along  the 
theoretical  line  up  to  a  10-inch  vacuum,  from  which  point  on  the  in- 
crease is  less  marked.  At  26  inches  the  actual  m.e.p.  reaches  an 
apparent  maximum.  These  figures  are  not  applicable  to  all  engines  but 
give  a  good  idea  of  the  limitation  of  the  vacuum  with  the  average  type 
of  reciprocating  engine  with  restricted  exhaust  port  openings.  With 
specially  designed  ports  and  passages  of  large  cross-sectional  area  the 
piston  engine  shows  increase  in  steam  economy  up  to  the  highest  vacuum 
carried  in  the  condenser.     (See  Power,  Jan.  16,  1912,  p.  72.) 

The  gain  in  steam  consumption  due  to  the  condenser  does  not  indicate 
a  corresponding  gain  in  heat  consumption.  For  example,  Engine  No.  2, 
Table  67,  shows  an  apparent  gain  in  steam  consumption,  due  to  con- 
densing, of  12.5  per  cent,  the  temperature  of  the  feed  water  returned 
to  the  boiler  being  120  degrees  F.  With  a  suitable  heater  the  exhaust  of 
the  non-condensing  engine  would  be  capable  of  heating  the  feed  water 
to  210  degrees  F.  The  non-condensing  engine  should  therefore  be 
credited  with  210  —  120  or  90  heat  units  per  pound  of  steam  used,  or, 
in  round  numbers,  9  per  cent.  The  difference  between  12.5  per  cent 
and  9  per  cent,  or  3.5  per  cent,  represents  the  net  gain  in  favor  of  con- 
densing, provided  the  power  necessary  to  create  the  vacuum  is  ignored. 
Actually,  the  steam  consumption  of  the  condenser  pumps  might  be 
equal  to  or  greater  than  3.5  per  cent  of  the  steam  generated  and  the 
net  gain  becomes  zero  or  even  negative.  Referring  to  Fig.  217,  plotted 
from  teste  of  the  7,  10i,  15-J  X  18  triple-expansion  engine  mentioned 
above,  the  solid  lines  show  the  feed-water  consumption  per  i.h.p.  hour 
and  the  broken  line  the  heat  units  consumed  per  brake  horse  power  per 
minute  measured  above  the  hot-well  temperature.  The  engine  effi- 
ciency, based  upon  the  water  consumption,  increase's  as  the  vacuo1" 
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increases,  reaching  a  maximum  between  26  and  28  inches,  whereas  the 
ieat-unit  curve  gives  the  maximum  between  20  and  21  inches.    Be- 
tween 22  and  28  inches  the  heat-unit  curve  shows  a  rapid  falling  off 
in  economy.    Tests  of  the  5500-horse-power  engine  at  the  New  York 
Edison  Company's  Waterside  Station  showed  that  increasing  the  vacuum 
from  25.3  to  27.3  inches  decreased  the  water  rate  only  0.06  pound  per 

TABLE  67. 

EXAMPLES   OF  THE   EFFECT   OF   CONDENSING    ON   THE   ECONOMY    OF 

RECIPROCATING    ENGINES. 


Non-Condensing. 


1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 


147 
148 
126 

67.6 
103.8 
114 

96 
118 
.  75.9 

62.5 
186.7 


I! 
i4 


54.7 
540 

83 
209 
177.5 
160 
120 
267 
310 
451 

40.4 


00 


J  6  o 
.9  E 

S  3   • 


19.2 

19.3 

23.8 

28.9 

22.1 

31 

23.9 

23.24 

25.6 

30.1 

18.7 


Condensing. 


Increase  Due 
to  Condensing. 


149 
147 
130 

67 

103.8 
114 

96 
119 

79 

63.6 
184.6 


1.6 

4 

7.4 

4.5 

1.2 

4' 

4.2 
6.4 
7.8 
1.6 


m     > 


H 


£ 


=  a  o.  o 

|B£h 


83.4 

il6* 
213 
155 
168 
145 
276.9 
336 
444 
29.8 


14.8 

16.9 

19.1 

22 

16.5 

27 

19.4 

16 

20.5 

23 

12.7 


us 

£& 


52.5 

39.8 
1.9 

2 
20.8 
3.7 

8.7 


o  § 
5  3 


25 

12.5 

19.7 

23.5 

25.1 

12.9 

18.8 

31 

19.9 

23.6 

32 


•  Cut-off  dunged  for  best  economy. 

1.  7,  10 J,  15}  x  18  triple ;  Eng.  News,  Ang.  21, 1902,  p.  127. 

2.  17,  27  x  24  Westinghouse  marine,  non-condensing ;  Power,  August,  1903. 

3.  1,  18  x  10  Buffalo  tandem  compound ;  Eloc.  World,  Sept.  10, 1904,  p.  404. 

4.  18  x  30  four-Talre  (slide) ;  Engine  Tests,  Barrus,  p.  88. 

5.  21,  85  z  4331  Corliss ;  Peabody's  Thermodynamics,  p.  382. 
1  12x12  Reeres  simple ;  Elec.  World,  Oct.  1, 1904,  p.  587. 

7.  18  x  48  simple  Corliss ;  Peabody's  Thermodynamics,  p.  351. 

8.  14*  28  x  24  two-ralve  (slide) ;  Engine  Tests,  Barrus,  p.  175. 

9.  17  x  24  two-TsJre;  Engine  Tests,  Barrus,  p.  70. 
M.  98  X  36  Corliss ;  Engine  Tests,  Barrus,  p.  97. 

11.  WillAns  triple  expansion  central  valve  engine ;  Peabody,  Thermodynamics,  p.  406. 

Lh.p.  hour.  (Power,  July,  1904,  p.  424.)  The  results  are  illustrated  in 
Pig.  217.  In  most  cases,  and  particularly  with  large  compound  engines, 
the  net  gain  due  to  condensing  is  considerable,  but  the  feed-water 
temperatures  and  power  consumed  by  the  auxiliaries  should  be  taken 
into  account.*  Fig.  206  shows  the  effect  of  vacuum  on  the  steam  con- 
sumption of  a  small  high-speed  simple  engine,  and  Fig.  212  of  a  cross- 
compound  Corliss.     (See  also  paragraph  236.) 

*  See  Power,  Feb.  23,  1909,  p.  381. 
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Fro.  217.     Performance  of  5500-H.P.  Engine  at  Wkterside  Station  of  New  York  Ei 
Company. 

2*7.  Throttling  vs.  Automatic  Cut-Off.  —  The  action  of  the) 
ernor  in  the  throttling  engine  is  shown  by  the  superposed  indie 
cards  (Fig.  218)  taken  between  zero  or  friction  load  and  maxin 
load.  The  effect  of  throttling  is  to  reduce  the  pressure  during  ad 
sion,  but  does  not  change  the  point  of  cut-off  or  other  events  of 


Fro.  218.     Typical  Indicator  Cards.     High-speed  Throttling  Engine. 

troke.  The  steam  may  be  partially  dried  or  even  superhcate 
!-,n>t  fling,  thus  tending  to  reduce  cylinder  condensation.  Ini 
■rv  <aturateil  steam  at  a  pressure  of  125  pounds  gauge  would  lie  s 
nvitvd  about  12  degrees  in  expanding  through  a  throttle  to  90  po 
•r  f  t  ,i'ntainiHl  initially  2  per  cent  moisture  would  be  perfectly 
■t  -MiamliniE  t>>  40  pounds.  (See  Table  68.)  Friction  througl 
aivv   uso  ii'iub  to  dry  the  steam.     Thus  with  very  light  load 
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may  be  decidedly  appreciable.  The  possible  gain  due  to 
cylinder  condensation  is  to  some  extent  offset  by  incomplete 
..  The  best  efficiency  for  a  given  load  is  realized  by  a  proper 
ise  between  cut-off  and  initial  pressure.  Experiments  made 
ssor  Denton  (Trans.  A.S.M.E.,  2-150)  on  a  17  X  30  non- 
g  double-valve  engine  showed  the  most  economical  results 
t-off  for  90  pounds  pressure,  £  cut-off  for  60  pounds,  and  fify 
mnds.  The  average  throttling  engine  does  not  give  close 
i,  the  governor  usually  lacking  sensitiveness.  Tests  show  the 
to  be  better  than  that  of  the  automatic  engine  on  light  loads, 
•ank  effort  more  uniform. 

TABLE  68. 

THE  INITIAL  PER  CENT  OF  MOISTURE  THAT  WILL  BE  EVAPORATED 
N  THROTTLING  FROM  A  HIGHER  TO  A  LOWER  PRESSURE. 

Baaed  on  Marks'  and  Davis'  Steam  Tables. 


mures. 

Initial  Pressure,  . 

Absolute 

80 

85 

90 

95 

100 

105 

110 

115 

120 

0.13 
0.26 

0.24 
0.37 

0.36 
0.49 

0.45 
0.59 

0.55 
0.70 

0.65 
0.79 

0.74 
0.88 

0.83 

0.14 

0.97 

0.28 

0.40 

0.52 

0.64 

0.74 

0.84 

0.93 

1.03 

1.12 

0.43 

0.55 

0.66 

0.78 

0.88 

0.99 

1.08 

1.18 

1.26 

0.59 

0.71 

0.83 

0.95 

1.06 

1.16 

1.25 

1.34 

1.44 

0.77 

0.89 

1.01 

1.13 

1.23 

1.34 

1.44 

1.53 

1.62 

0.97 

1.09 

1.21 

1.33 

1.43 

1.54 

1.64 

1.74 

1.82 

1.19 

1.32 

1.44 

1.56 

1.66 

1.76 

1.86 

1.96 

2.05 

1.44 

1.56 

1.68 

1.80 

1.91 

2.02 

2.12 

2.21 

2.30 

1.72 

1.85 

1.97 

2.10 

2.20 

2.31 

2.41 

2.51 

2.60 

2.05 

2.18 

2.30 

2.42 

2.53 

2.64 

2.74 

2.84 

2.93 

2.44 

2.56 

2.69 

2.82 

2.92 

3.03 

3.13 

3.23 

3.32 

2.90 

3.04 

3.16 

3.29 

3.40 

3.51 

3.61 

3.71 

3.80 

3.51 

3.65 

3.78 

3.90 

4.01 

4.13 

4.23 

4.33 

4.43 

Ii 

lttial  Pr 

essure,  / 

Absolute 

• 

wnir*K. 

125 

130 

135 

140 

145 

150 

155 

160 

165 

0.91 

0.99 

1.08 

1.15 

1.22 

1.29 

1.35 

1.41 

1.48 

1.05 

1.13 

1.21 

1.28 

1.36 

1.43 

1.49 

1.55 

1.62 

1.19 

1.27 

1.36 

1.43 

1.50 

1.58 

1.64 

1.70 

1.77 

1.34 

1.43 

1.51 

1.59 

1.66 

1.73 

1.79 

1.85 

1.93 

1.52 

1.60 

1.68 

1.76 

1.83 

1.90 

1.96 

2.03 

2.10 

1.70 

1.78 

1.86 

1.94 

2.02 

2.09 

2.15 

2.21 

2.29 

1.90 

1.99 

2.08 

2.15 

2.22 

2.30 

2.36 

2.42 

2.50 

2.13 

2.21 

2.30 

2.38 

2.45 

2.52 

2.59 

2.65 

2.73 

2.39 

2.47 

2.55 

2.63 

2.71 

2.78 

2.84 

2.91 

2.99 

2.68 

2.77 

2.85 

2.93 

3.01 

3.08 

3.14 

3.21 

3.29 

3.01 

3.10 

3.18 

3.26 

3.34 

3.41 

3.48 

3.55 

3.63 

3.41 

3.49 

3.58 

3.66 

3.74 

3.81 

3.88 

3.96 

4 

3.88 

3.97 

4.06 

4.15 

4.22 

4.30 

4.37 

4.45 

4 

4.51 

4.60 

4.70 

4.78 

4.86 

4.94 

5.01 

5.09 

5 
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Mean  PreMare  on  URPWoa,  Lb.p0r8q.In. 

Fio.  220.     Throttling  w.  Automatic  Cut-off. 


ig.  220  shows  the  relative  steam  consumptions  of  an  engine  under 
same  conditions  of  load  when  controlled  by  variable  expansion  and 
throttling.  Suppose  this 
ne  to  be  altered  in  capacity 
hat  the  m.e.p.  referred  to 
ow-pressure  piston  is  about 
.hen  the  steam  consumption 
t  the  throttling  governor  will 
s  shown  by  straight  line  A. 
;  shows  that  between  32  and 
pounds  m.e.p.  very  little  is 
ied  by  a  variable  expan- 
,  and  below  that  load  the 
)ttled  governor  is  the  more 
lomical.  (Power,  Feb.  21, 
l,p.301.) 

IS.  Influence  of  Superheat.  —  (See  also  paragraph  117.)     Table  69 
es  test  results  for  several  different  types  of  engine  employing  super- 
ited  steam.     These  figures  may  be  compared  with  the  performances 
engines  using  saturated  steam  as  given  in  Tables  59  and  66.     A 
sided  gain  in  economy  is  shown  in  favor  of  superheat  for  single-cylinder 
gines.     With  compound  engines  the  advantage  is  not  so  apparent, 
ile  triple-expansion  engines  show  the  least  gain.     Tables  69  to  72 
>w  the  effect  of  superheating  on  simple,  compound  and  triple-expan- 
q  engines  and  represent  average  current  practice.     (Proc.  A.S.M.E., 
ptember,  1907.)     Better  results  than  these  have  been  obtained  with 
?h  engines  as  the  Lentz  compound,  but  for  ordinary  superheated  steam 
ictice  the  results  in  the  tables  may  be  used  with  confidence.     Some 
ia  of  the  wonderful  fuel  economy  effected  in  Europe  with  the  use  of 
;hly  superheated  steam  in  connection  with  the  so-called  locomobile 
gained  from  the  results  shown  in  Table  73.     This  type  of  engine  has 
t  yet  been  introduced  to  any  extent  in  this  country  but  it  is  only  a 
itter  of  time  when  the  cost  of  coal  will  advance  to  such  a  point  as  to 
rclude  all  but  the  more  economical  types  of  prime  movers. 
\s  f ar  as  steam  consumption  is  concerned,  all  engines  show  greater 
momy  with  superheated  than  with  saturated  steam,  but  the  thermal 
n  is  not  so  marked,  and  when  the  economy  is  measured  in  dollars 
i  cents  per  developed  horse  power,  taking  all  things  into  consideration 
-  gain  is  still  further  reduced  and  in  some  cases  completely  neutralized, 
"st  cost,  maintenance,  and  disposition  of  the  exhaust  must  all  be 
teidered  in  determining  the  ultimate  commercial  gain  due  to  the 
*  of  superheated  steam. 
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Fig.  221  gives  the  results  of  a  series  of  tests  made  on  a  number  of 
Sellisa  &  Morcom  engines  using  superheated  steam.  (Pro.  Inst  of 
Mech.  Engrs.,  March,  1905,  p.  302.)  The  engines  were  from  200  to 
1500  kilowatts  capacity  and  were  tested  at  full  load.  It  is  noticeable 
that  the  curves  all  converge  to  a  single  point  and  will  meet  at  about 
400  degrees  F.    The  results  show  that  if  sufficient  superheat  is  put  into 
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Pio.  231.      Effect  of  Superheat  on  Steam  Consumption. 

the  steam  all  engines  of  whatever  size  are  equally  economical.  Fig.  222 
shows  the  relationship  between  degree  of  superheat  and  the  heat  con- 
sumption at  various  loads  for  a  300-horse-power  Belliss  &  Morcom  high- 
speed  triple-expansion  engine.  (Pro.  Inst.  Mech.  Engrs.,  March,  1905, 
\i.  UOIi.)  It  will  be  noted  that  the  variation  in  heat  consumption  at 
different  percentages  of  load  becomes  less  marked  as  the  degree  of 
superheat  increases.  With  superheat  of  350  degrees  F.  the  heat  con- 
•minpliuti  from  ',  load  to  full  load  is  practically  constant. 
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e  curves  though  strictly  applicable  to  the  specific  cases  cited 
re  or  less  general  and  represent  the  influence  of  superheat  on  all 
of  piston  engines. 
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*  M*a(«I  fry  M>  *uxiltftry  sjprrtwalrr  adjoining  tftl 
r**ailrr>  to  *  temperature  of  450-550  <lrgrr*-«  F.  Wore  it  t 
prtwure  ry^aUr.  The  feed  water  i*  l*iited  by  an  economixrr  ptsrcJ 
,u  Lite  brwhinB-  All  auxiliary*  are  driven  by  the  main  rngine. 
Locomobile)  m  mnuV  In  vnrioun  riawi  ranging  from  25  to  1O00 
power  fii'l  ar<-  (Itwifpiwl  f*»r  cnwlewiinfE  or  non-com  I^nsing  operation- 
'  'onl  rofiMiinptloiM  mm  low  n*  0.8  pound  i>cr  developed  horse-power  hour 
Iihvi-  I'ci'ii  rcnlllfd  mid  "in>  pound  per  horsepower  hour  is  common 
liniftli'i',  On  iim.ijj.l  of  tin-  extremely  high  degree  of  superheat  an- 
I  i|i  .\  i'il  l  Lr  loin  I  oiirn  I*  very  lint,  and  there  is  little  difference  in  economy 

'.,■,,,,,  ii.   ,,.-.!i  hii.I  lugo  udti, 

'I'ltlill    i.I  nl>i"  Hit"  r*Mtltt  of  tftttS  of  ft  100-horse-power  Wolf 

[HiUllil    Ii iiiitinil >ili'  iiihI    illiiKtniles  Ihi'  ri'iiiMrkiible   econoi 

>«  hi'itiu  iflw  i  ii  I  in  Kuropa  with  tall  type  of  plant. 

llii'  ItlH'twl   nI'MIIII  RilWllDptton  recorded  I"  dnte.  6.95 
ni.it,  Ki.A  ln.i.1'  |«.w.t  hour,  in  credited  to  nn  engine  of  this  el; 
ell    .1    Vn    U.il    iHijr.,  M.ir.  '"   ""*    p.  415.) 
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TABLE  73. 

A  REMARKABLE  ENGINE  PERFORMANCE.' 
200,  400  X  400  mm.  Locomobile. 

(7.8, 15.7  X  15.7  in.) 


' 

Initial  Pres- 

Condenser 

Steam  Temperatures,  Degrees  F. 

Wk- 

of 

dot  So.  In. 

Pressure, 

Entering 

Leaving 

Entering 

R.P.M. 

*. 

Abs. 

Lbs.  Abs. 

High- 

High- 

Low- 

Final  Feed 

pressure 
Cylinder. 

pressure 
Cylinder. 

pressure 
Cylinder. 

Water. 

220 

Condensing  with  Intermediate  Superheating. 

1 

1.47 

Saturated. 

242 

236 

2 

227 

1.17 

712 

377 

462 

212 

241 

3 

220 

1.17 

718 

367 

460 

206 

242 

4 

221 

1.17 

806 

426 

530 

221 

246 

5 

220 

1.17 

842 

469 

538 

•      -      a 

243 

6 

220 

1.17 

872 

520 

•  •  • 

241 

243 

Non-< 

xmdensing  without  Intermediate  Superheating. 

7 

220 

832 

462 

289 

237 

8 

220 

856 

505 

284 

238 

t 

221 

878 

527 

284 

242 

220 

869 

572 

257 

241 

220 

817 

525 

248 

241 

221 

878 

568 

259 

241 

*  Compiled  from  Zeit.  des  Ver.  deut.  Ingr.,  June,  1911. 


1 

Steam  Consumption, 

tof 
■t. 

I.h.p. 

D.h.p. 

Mechanical 
Efficiency, 

Pounds 

Coal  Burned, 
Lbs.  per  D.h.p. 

Heat  Con- 
sumption.B.t.u. 
per  I.h.p.  per 
Minute. 

Per  Cent. 

Per  I.h.p. 
Hr. 

Per  D.h.p. 
Hr. 

Hr. 

112.5 

( 

Condensing  w 

ith  Intermediate  Superhes 

iting. 

1 

103.2 

91.6 

13.98 

14.19 

1.59 

260 

2 

138.4 

132.8 

96.0 

8.51 

8.87 

1.00 

198 

a 

140.3 

131.4 

93.5 

8.33 

8.90 

1.00 

195 

4 

140.4 

133.4 

95.0 

7.68 

8.06 

0.96 

186 

5 

138.8 

132.5 

95.5 

7.24 

7.56 

0.87 

175 

6 

141.8 

134.0 

94.5 

7.15 

7.56 

0.86 

175 

61.5 

Nor 

i-condensing  i 

without  Intermediate  Sup< 

jrheatin?. 

1.65 

r 

49.3 

78.0 

11.22 

14.43 

262 

a 

83.8 

74.0 

88.0 

10.60 

11.84 

1.17 

249 

e 

111.0 

98.5 

88.0 

9.95 

11.38 

1.12 

237 

o 

129.9 

120.8 

93.0 

10.00     ,     10.88 

1.07 

23S 

n 

140.4 

132.2 

94.0 

10.68          11.34 

1.12 

248 

2 

142.1 

132.4 

93.0 

9.93 

10.66 

1.05 

235 

\ 


•  Above  ideal  feed-water  temperature  corresponding  to  exhaust  pressure. 
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210.  Uniflow  or  Straight-flow  Engine.  —  Fig.  227  shows  a  longiti 
dinal  section  through  a  single-cylinder  engine  designed  by  Professor , 
Stumpf,  of  Charlottenberg  College,  Germany,  which  is  finding  muc 
favor  with  the  European  engineers,  over  a  half-million  horse  pom 
being  in  service  at  this  writing.  A  300-horse-power  engine  of  this  desig 
is  credited  with  a  steam  consumption  of  8.5  pounds  per  i.h.p.  horn 
initial  pressure  130  pounds  absolute;  superheat  261  degrees  F.T  a  per 
formance  equalled  only  by  the  best  compound  and  triple-expansioi 
engines.  The  engine  is  similar  in  principle  to  the  two-cycle  gas  cngim 
in  which  the  elongated  piston  acts  as  an  exhaust  valve,  opening  ant 
closing  a  series  of  slot3  in  the  middle  of  the  cylinder  shell.  The  lin 
steam  enters  the  engine  through  the  cylinder  head,  which  it  heats,  and 
is  admitted  into  the  cylinder  through  a  double-seated  poppet  valve, 
and,  after  expansion,  is  exhausted  through  the  slots  in  the  middle  of 


Fio.  227.     Longitudinal  Section  through  Stumpf  Straight-flow 


the  cylinder.     A  high  degree  of  expansion  is  possible  without  excess* 
cylinder  condensation,  since  the  exhaust  steam  does  not  come 
contact  with  the  live-steam-heated  surfaces  of  the  cylinder  as  it 
ordinary  type  of  piston  engine. 

On  account  of  the  high  degree  of  expansion  used  in  this  type  of  ei 
the  cylinders  are  necessarily  large  per  unit  output.     The  high  comprM 
sion  necessitates  the  use  of  heavy  cylinders  and  flywheel  and  the  inert 
of  the  reciprocating  parts  requires  a  massive  foundation.     The  cost 
unit  of  power  is  therefore  higher  than  that  of  the  ordinary  single-cylindi 
high-speed  engine.     The  cost,  is,  however,  less  than  that  of  slow-ep« 
compound  and  triple-expansion  engines  with  which  it  successfully 
petes.     Table  74  gives  a  comparison  of  the  results  of  triple-expaWl 
engines  and  a  number  of  uniflow  engines. 

The  uniflow  engine  lias  not  been  generally  adopted  in  this  court 
notwithstanding  its  excellent  showing  in  Europe. 

Fi«.  --S  shows  a  section  through  a  uniflow  engine  as  manufactured 
-;>•  NordbtTg  Manufacturing  Company,  Milwaukee,  Wis.  TheW 
n  Fut    i»  an-  based   upon  the  tests  of  a  20  X  30,  200-horaHW 
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berg  unifiow  engine  using  very  wet  steam.    The  dotted  lines  show 
aed  results  within  the  capacity  of  the  machine. 


Fig.  228.     Section  through  Cylinder  of  Nordberg  Uniflow  Engine. 
TABLE  74. 

1PARISON  OF  OPERATING  PERFORMANCES  OF  TRIPLE-EXPANSION  STEAM 
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1.  Binary -mp u r  Engines.  —  A  consideration  of  the  Carnot  or 
ikine  cycles  shows  that  theoretically  the  efficiency  of  the  steam 
ine  may  be  increased  by  raising  the  temperature  of  the  steam  sup- 
d  or  by  lowering  the  temperature  of  the  exhaust,  that  is  to  say, 
increasing  the  range.  Superheated  steam  development  has  prac- 
lly  determined  the  upper  limit,  and  economical  practice  indicates  a 
uum  of  about  26  inches,  corresponding  to  126  degrees  F.,  as  the 
cage  lower  limit  for  most  efficient  results  from  a  commercial  stand- 
Qt 
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In  the  binary-vapor  engine  the  working  range  has  been  considemb 
increased  by  substituting  a  highly  volatile  liquid,  as  sulphur  dioxid 
for  the  water  which  is  ordinarily  used  as  the  cooling  medium  in  ii 
surface  condenser. 

The  SOi  in  condensing  the  exhaust  steam  is  itself  vaporized  and  ta 
vapor,  under  a  pressure  of  about  175  pounds  per  square  inch,  use 
expansively  in  a  secondary  reciprocating  engine.  The  exhausted  SO 
is  discharged  into  a  surface  condenser  in  which  it  is  liquefied  by  coolio) 
water  much  the  same  as  in  refrigerating  practice  and  used  over  ami 
over  again.  Referring  to  Fig.  230,  which  illustrates  diagrammatical!) 
a  binary-vapor  engine  at  the  Royal  Technical  High  School,  Berlin: 


'     1 

St 

s 

.." 

\ 

\ 

te° 

in 

, 

-- 

X 

^ 

£ 

■^ 

J£U 

Mated  (.'Hi'iuitj  .  lift  U.l*. 
Initial  Pressure  lS0*Qause       "■ 
IfiO  B.P.M. 
Steam  very  wet 

a 

IE 

1 

3iU 

- 

" 

Il4 

V 

n* 

r-' 

— 

"" 

1  1 

1U 

1  1 

11 

0 

i 

0 

a 

u 

Mi 

0 

■' 

Indluaied  Uorso  F 
Fio.  229.     Performance  of  Nordburg  Uniflow  Engine. 

A.  ft,  and  C  are  the  three  steam  cylinders  of  an  ordinary  triple-expan- 
sion engine  and  D  the  S02  cylinder.     All  four  cylinders  drive  a  common 
crank  shaft  E.     F  i.s  a  high-pressure  surface  condenser  which  artsB 
;i  vaporizer  for  the  SO»  and  a  condenser  for  the  steam.     G  is  a  stir 
condenser  which  serves  to  condense  the  SOs  vapor.     H  is  a  liquid 
t:ink.     The  operation  is  as  follows:    Highly  superheated  steam  enteri 
the   high-pressure   steam   cylinder  at   /  and   leaves  the   low-prwsu" 
cylinder  a(  ./,  just  as  in  any  steam  engine.     The  exhaust  steam  att< 
I'li.'iriiliii'  /-'  and  is  condensed  by  the  liquid  POs  passing  through' 
mils.     The  condensed  steam  and  entrained  air  arc  removed  f rom  I 
(-Itaiiiln-i-  by  a  suitable  air  pump.     The  steam  in  condensing  gives' 
it  i  latenl   heal  hi  the  liquid  SO.  and  causes  it  to  vaporize.    The? 
vapor  passes  from  the  coils  in  chamber  F  to  the  SOi  engineO* 
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erfortas  work.  The  exhausted  SO*  vapor  flows  from  cylinder  D  to 
hamber  G,  and  is  condensed  by  cooling  water  flowing  through  a  series 
f  tubes.  The  liquid  SO2  is  collected  in  liquid  tank  H  and  thence  is 
iiimped  into  the  coils  in  vaporizer  F.  The  approximate  temperatures 
jod  pressures  at  different  points  of  the  cycle  are  indicated  on  the 
liagram. 

-——To  Air  Pomp 


8QtVapor 


BO,Exh&nst 


Outlet 


Fxo.  230.     Diagram  of  Binary-vapor  Engine. 


A  number  of  experiments  made  by  Professor  E.  Josse  in  the  labora- 
ory  of  the  Royal  Technical  High  School  of  Berlin  on  an  experimental 
liant  of  about  200  horse  power  gave  some  remarkable  results.  A  few 
f  the  tests  made  with  highly  superheated  steam  gave  the  following 
LVerage  figures: 

IJi.p.  (steam  end) 146.4 

Steam  consumption  per  i.h.p.  hour 12.8 

I.h.p.  (SOj  end) 52.7 

Percentage  of  power  of  SOa  engine 35.9 

Steam  consumption  per  i.h.p.  hour  of  combined  engine 9.43 

i 

I   "When  operating  under  the  most  satisfactory  conditions  a  perform- 
of  8.36  pounds  of  steam  per  i.h.p.  hour  was  recorded,  correspond- 
to  a  heat  consumption  of  158.3  B.t.u.  per  minute,  which  is  the 
recorded  performance  to  date  (1912)  in  the  history  of  steam- 
economy. 
/  SO*  does  not  attack  the  metal  surface  of  the  engine  unless  combined 
lith  water,  in  which  case  sulphurous  acid  is  formed.    There  is,  how- 
is,  no  danger  from  this  cause,  since  the  S02  being  under  greater 
inure  effectually  prevents  leakage  of  water  into  the  S02  system. 
tbe  SOj  cylinder  requires  no  other  lubrication  than  the  S02  itself, 
ich  is  of  a  greasy  nature. 


STEAM  ENGINES 


UU 

J 

uoo 

n 

-< 

]:!"ij 

& 

"ft 

1000 

c 

I 

';A 

BOO 

Pm 

^> 

\ 

6="' 

\ 

on 

i" 

j? 

U 

■y 

\ 

too 

\ 

a 

HUUW  ProMum.lSO 

AlCKKpherli;  i!ict  I'iv-jijm', 
St,;;iiii.iJri-  ilN.I  S;itnr.ik-il 

Won  It. P.M. 

\ 

an 

_U_LU 

E 

rak 

i 

H 

i 

i 

■ 
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Fio.  233.     Cost  of  Simple  High-speed  Engines. 
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aid  transmits  the  power  to  the  shaft.  In  fundamental  prin- 
is  not  unlike  many  other  rotary  engines  in  that  the  power  is 
directly  to  the  shaft  by  the  expansion  of  steam  behind  a  rotary 
The  synchronous  movement  of  the  two  rotors  is  maintained 
is  of  two  timing  gears  on  the  far  side  of  the  casing.  The  curves 
532  are  based  upon  the  tests  made  by  Professor  Pryor  of  Stevens 
e  of  a  20-horse-power  engine  of  this  design,  initial  pressure 
nds  gauge,  atmospheric  exhaust,  steam  dry  and  saturated. 
tost  of  Engines.  —  In  general  the  cost  of  engines  per  horse 
liminishes  as  the  size  increases,  but  is  of  course  governed  by  the 
id  workmanship.  Average  figures  may  be  expressed  as  follows 
U.  S.,  Nov.  15,  1902,  p.  750) : 

igh-speed  engines Cost  in  dollars  =    300  +8      X  horse  power 

ligh-speed  engines Cost  in  dollars  =      60  +   0.75  X  horse  power 

id  high-speed  engines Cost  in  dollars  =  1000  +  15       X  horse  power 

w-speed  engines Cost  in  dollars  =  1000  +  10       X  horse  power 

id  low-speed  engines Cost  in  dollars  =  2000  +  13       X  horse  power 

ow-epeed  engines Cost  in  dollars  =    500+    1.3    X  horse  power 

j  equations  were  deduced  from  the  curves  in  Figs.  233  to  235, 
rare  plotted  from  the  actual  costs  of  a  large  number  of  engines, 
for  testing  steam  engines.  —  See  Appendix  C. 
i  complete  description  of  modern  types  of  piston  engines  see 
Qgr.  U.  S.,  Jan.  1,  1913. 
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STEAM  TURBINES. 


214.  CUftftlUcmtion.  —  The  development  of  the  steam  turbine  d 
the  pant  decade  han  l>een  truly  remarkable.  So  rapid  has  beej 
growth  that  many  turbines  representative  of  the  best  practice  t 
yenm  ago  are  virtually  obsolete  to-day.  Because  of  the  almost  ra 
changes  from  year  to  year  it  is  practically  impossible  to  keep  tin 
Hcriptive  features  of  a  textbook  strictly  in  accord  with  current  pra< 
and  the  subject  matter  must  necessarily  be  of  a  general  nature. 

Hteam  turbines  are  now  being  used  for  driving  alternating-ciu 
generators,  turbo-compressors,  pumps,  blowers  and  marine  prope 
and,  by  means  of  gearing  to  furnish  power  for  reciprocating  air  < 
pressors,  rolling  mills  and  other  classes  of  slow-speed  machii 
Although  the  reciprocating  engine  will  probably  continue  to  be  an 
|M)rtant  factor  in  the  power  world  for  years  to  come,  its  field  of  us 
ness  is  being  gradually  limited  by  the  steam,  turbine.  The  steam  tui 
has  found  favor  chiefly  on  account  of  its  low  first  cost,;  low  mainten 
cost,  small  floor-space  requirements  and  low  cost  of  attendance;  * 

A  general  classification  of  steam  turbines  is  unsatisfactory  bee 
of  the  overlapping  of  the  various  groups,  and  the  following  cha 
offered  merely  as  a  guide  in  arranging  a  few  well-known  turbines 
cording  to  the  fundamental  principles  involved  in  their  operation. 
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own  in  the  preceding  chart,  all  turbinj^iF  may  be  divided  into 
leral  classes,  (1)  impulse,  (2)  reaction,  akd  (3)  combined  impulse 
ition,  though  strictly  speaking  all  turbin^  depend  more  or  less 
>th  impulse  and  reaction  for  their  operatic 

Ise  Type: 

3  impulse  type  the  steam  is  expanded  by  suitable  means  and  the 
fen  up  by  the  pressure  drop  imparts  velocity  to  the  jet  itself. 

impinges  against  the  vanes  of  a  rotating  wheel  and  gives  up  its 
energy  to  the  wheel.  If  the  entire  pressure  drop  takes  place  in 
of  nozzles  and  the  resulting  jet  is  directed  against  a  single  wheel 
bine  is  classified  with  the  single-stage  single-velocity  group.  The 
r  of  the  jet  is  very  high,  from  2000  to  4000  feet  per  second,  and 
factory  economy  the  peripheral  velocity  of  the  wheel  must  also 

high,  from  700  to  1400  feet  per  second.  The  De  Laval  single- 
lrbine  is  the  best-known  example  of  this  group. 
e  entire  pressure  drop  takes  place  in  a  single  set  of  nozzles  and 
)  wheel  is  to  be  used  at  a  comparatively  low  speed  satisfactory 
y  may  be  effected  by  compounding  the  velocity.  That  is,  the 
ing  from  the  nozzle  at  a  very  high  velocity  is  reflected  back  and 
om  the  vanes  on  the  rotor  to  a  series  of  fixed  reversing  buckets 
1  of  the  available  kinetic  energy  of  the  jet  has  been  imparted 
svheel.      The  Terry  single-stage  turbine  is  representative  of  this 

peripheral  velocity  and  high  efficiency  may  be  obtained  by 
I  compounding;  that  is,  expansion  takes  place  in  a  series  of 
ive  nozzles  instead  of  one  nozzle.  Only  a  part  of  the  available 
ergy  is  converted  into  kinetic  energy  in  each  set  of  nozzles.  For 
t  of  fixed  nozzles  there  is  a  corresponding  rotor.     This  type  of 

is  to  all  intents  and  purposes  a  series  of  single-velocity  impulse 
s  placed  side  by  side.  The  Kerr  turbine  is  representative  of 
►up. 

impounding  both  velocity  and  pressure  we  have  the  multi-velocity 
ssure  type  of  which  the  Curtis  turbine  is  the  best-known  example. 

ion  Type: 

le  reaction  type  the  conversion  of  potential  to  kinetic  energy 
lace  in  the  moving  blades  as  well  as  in  the  fixed  blades.  Only  a 
lall  portion  of  the  heat  energy  imparts  velocity  in  the  first  set  of 
ades  or  nozzles.  The  jet  issuing  from  this  set  of  nozzles  impinges 
the  first  set  of  moving  blades  and  imparts  its  kinetic  energy  to 
or  by  impulse.  The  adjacent  moving  blades  are  proportioned  so 
irtial  expansion  takes  place  within  them  and  the  resulting  increase 
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in  velocity  exerts  a  reaction  which  still  further  accelerates  the  rotor.  The1 
expansion  is  very  gradual  and  a  large  number  of  alternately  fixed  and 
revolving  blades  are  necessary  to  effect  complete  expansion.  BeeauK 
of  the  small  pressure  drop  in  each  stage  low  peripheral  velocities  an 
possible  with  high  over-all  efficiency.  The  Westinghouse  and  ADis- 
Chalmers  designs  of  the  Parsons  turbine  are  the  best-known  examphs 
of  this  type. 

Combined  Impulse  and  Reaction  Type: 

In  this  class  the  high-pressure  elements  are  of  the  impulse  type  and 
the  low-pressure  elements  of  the  reaction  type.  The  Westinghouse- 
Parsons  double-flow  high-pressure  turbine  is  typical  of  this  class  and: 
is  virtually  a  combination  of  the  Curtis  and  Parsons  designs.  SevenlJ 
European  impulse  turbines  as  recently  designed  are  fitted  with  reactioa] 
blades  adjacent  to  the  nozzles,  showing  the  tendency  to  merge  tbe] 
different  fundamental  types. 

Turbines  may  be  classified  according  to  the  service  for.  which 
are  intended,  as 

High-pressure  non-condensing, 

High-pressure  condensing, 

Low-pressure, 

Mixed-pressure, 

Bleeder. 

Each  of  these  types  is  discussed  later  on  in  the  chapter. 

Recent  Developments  in  Steam  Turbine  Practice:  Mech.  Engr.,  Jan.  26,  1912. 
The  Present  State  of  Development  of  Large  Steam  Turbines:  Jour.  A.S.M  .E.,  May,  193 
The  Steam  Turbine:  Engng.,  Dec.  29,  1911. 
Status  of  the  Small  Steam  Turbine:  Power,  Jan.  2,  1912. 

215.   General   Elementary  Theory.  —  A  given  weight  of   steam  at 
given  pressure  and  temperature  occupies  a  certain  known  volume 
contains  a  known  amount  of  heat  energy.    If  the  steam  is  permitted 
expand  to  a  lower  pressure  without  receiving 'additional  heat  or 
ui>  h^t  to  surrounding  bodies  it  is  capable  of  doing  a  certain 
of  work  which  will  be  the  same  whether  the  expansion  takes  plaoe 
the  cylinder  of  a  reciprocating  piston  engine,  a  rotary  piston  engine 
the  nozzles  and  blades  of  a  steam  turbine. 

Let         W  =  weight  of  steam,  lbs.  per  sec. 

E  =  energy  given  up  by  1  lb.  of  steam,  ft.-lbs. 
I\  =  initial  pressure,  lbs.  per  sq.  in.  abs. 
Pn  =  final  pressure,  lbs.  per  sq.  in.  abs. 
Hi  =  initial  heat  content  per  lb.,  B.t.u. 
//„  =  final  heat  content  per  lb.,  B.t.u. 
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rhen  the  heat  drop,  or  heat  available  for  doing  useful  work,  is 

W  (#1  -  H n)  B.t.u.  (124) 

If  the  steam  expands  against  a  resistance,  as,  for  example,  the  piston 
rf  a  reciprocating  engine,  the  energy  given  up  in  forcing  the  piston 
ibrward  may  be  expressed 

Ex  =  777.5  W  (Hi  -  Hn)  ft.-lbs.  (125) 

If  the  steam  expands  within  a  perfect  nozzle  the  energy  will  be  given 
lp  in  imparting  velocity  to  the  steam  itself,  thus: 

J?2  =  TF^-2ft.-lbs.  (126) 

l  g 

n  which 

V\  =  velocity  of  the  jet  in  feet  per  second. 

If  the  velocity  of  the  jet  is  retarded  to  F„  feet  per  second,  as  by 
>lacing  a  series  of  vanes  in  its  path,  then  the  energy  given  up  to  the 
ranes  (neglecting  all  losses)  is 

E  =  W    '  0      w  -  (127) 

If  the  jet  is  brought  to  rest  by  the  vanes  (neglecting  all  losses),  then 
VM  =  O  and  the  energy  given  up  is 

£a  =  W'T^-  (128) 

But  E±  =  Ez.    Hence, 

777.5  W  (Hx  -  Hn)  =  W  ^, 

g 
from  which  

Vi  =  223.8  Vlli  -  Hn*  (129) 

If  there  are  n  pressure  stages,  then  the  theoretical  stage  velocity  is 

VY  =  223.8  \/  Hl  ~~  Hn '  (130) 

*  n 

The  jet  issuing  from  the  nozzle  is  capable  of  exerting  an  impulse 
equal  to  F  upon  any  object  in  its  path,  thus: 

wv 

F  =  ^-lilbs.  (131) 

y 

jf  J±  =  the  area  of  cross  section  of  the  jet  in  square  feet,  and  y  = 
weight  of  steam,  pounds  per  cubic  foot,  then  W  =  yAVh  or 

N^-lbs.  (132) 

</ 

*  For  most  purposes  it  is  sufficiently  accurate  to  make  223 .ti  =  224. 
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The  reaction,  R,  of  the  jet  against  the  nozzles  is  equal  in  vali 
opposite  in  direction  to  the  impulse,  or 

R_FWV1_yAV^ 

g         g 

The  theoretical  horse  power  developed  by  a  jet  of  steam  flow 
the  rate  of  one  pound  per  second  may  be  expressed 

E        v.2  _  y  2 

550      20X550' 
in  which 

V\  =  initial  velocity  of  the  jet,  ft.  per  sec. 

Vn  =  final  velocity  of  the  jet,  ft.  per  sec. 

Steam  consumption  per  horse-power  hour: 

„r       3600 
Wl=!TP/ 

* 

Heat  consumption,  B.t.u.  per  horse  power,  per  minute: 

W  (J/t  -  g.) 

=  —60 ' 

in  which 

qn  =  heat  of  the  liquid  at  pressure  Pn. 

Impulse  efficiency  of  the  jet  =  equation  (127)  -r-  equation  (12 

Thermal  efficiency  (Rankine  Cycle): 

Hi  —  Hn 


Er   = 


Hi  -  qn 

Efficiency  ratio  or  "kinetic"  efficiency: 

2546 


E  = 


Wi{Hi  -  Hn) 

Kfjuations  (124)  to  (139)  are  general  and  are  applicable  to  all  tu: 
of  whatever  make. 

The  more  important  types  of  turbines  will  be  discussed  sepai 

mih I  mi  application  of  above  equations  will  be  made  in  each  specific 

//,,//  Drop  in  Steam  Turbines:    Tnms.  A.S.M.E.,  Vol.  33,  p.  325,  1911; 
\l  u    \  I'M1.?. 

J  Ml.  Thr  l><»  Laval  Turbine.  —  Fig.  230  shows  a  section  tlrou 
I ».  I.in.iI  •Ji'jnii  turbine  and  gear  case  and  illustrates  the  priiuipl 
il..  iiii'lf  lav.*'  "impulse"  type.  The  turbine  proper,  to  the  nN 
iln  iifiiic,  run.-.ists  of  a  high-carbon  steel  disk  C  fitted  at  the  peri 
t*  iili   i    inflr  row  of  drop-forged  steel  blades  and  inclosed  in  a  cast 
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'I'ln-  ojM'nilioii  i  ;i  follows:  Slc;uii  enters  the  steam  chest  D, 
2-W  and  2!57,  through  the  governor  (.shown  in  detail  in  Fig.  239) 
i-  ilNtrihuteil  to  the  variolic  adjust ahle  nozzles,  varying  in  nur 
:;■•::.  1  to  lo  aeronliiu.'.  1o  the  size  of  turbine.  In  the  earlier  t 
-'..-•  nozzles  were  uniformly  distributed  around  the  circumference, 
;::   *!.•■  later  types  are  arranged  in  gn»ups.     As  illustrated  in  Fig. 

"    '."io  -!:;ifr  ili.'Lini'trr  I'm-  .1  HM»  limvo-pimcr  turbine  is  but  1  inch  :inAfora 
■,  -v,  -n.nver  ':;rbiin.' appn»\uii;i!rl\    1 JJ  inches. 
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nozzles  are  placed  at  an  angle  of  20  degrees  with  the  plane  of  the 
.  The  steam  is  expanded  adiabatically  in  the  nozzles  to  the  existing 
i  pressure  before  it  impinges  at  high  velocity  against  the  blades. 
t  giving  up  its  energy  the  steam  passes  into  chamber  W,  Fig.  236, 
out  through  the  exhaust  opening.  Fig.  239  gives  the  details  of 
governor  and  vacuum  valves.  Two  weights  B  are  pivoted  on  knife 
s  A  with  hardened  pins  C  bearing  on  the  spring  D.  E  is  the  governor 
r,  fitted  in  the  end  of  the  gear-wheel  shaft  K,  and  has  seats  milled 
Jie  knife  edges  A.    The  spring  seat  D  is  held  against  pins  A  by 


1  concentric  springs,  the  tension  on  which  is  adjusted  by  a  milled 
I.  When  the  speed  exceeds  the  normal,  centrifugal  force  causes 
veigbts  to  fly  outward  and  overcome  the  resistance  of  the  springs. 

pushes  pin  G  against  bell  crank  L,  which  in  turn  closes  the  double- 
»d  valve,  thus  throttling  the  supply  of  steam.  To  prevent  racing 
ise  the  load  is  suddenly  removed  the  vacuum  valve  T  is  added  to 

governor  mechanism.  Its  operation  is  as  follows:  The  governor 
G  actuates  the  plunger  H  under  normal  conditions  without  moving 

plunger  relative  to  the  bell  crank.  In  case  the  load  is  suddenly 
loved,  centrifugal  force  pushes  pin  (7  against  bell  crank  L  until  it 
*hn  its  extreme  position  and  the  valve  is  nearly  closed  and  little 
■m  eaters  the  turbine.     If  this  does  not  check  the  speed,  plunger  " 
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overcomes  the  resistance  of  spring  Mf  and  H  moves  relative  to  L, 
its  adjustable  projection  0  presses  against  valve  stem  T  and  allows  air 
to  rush  into  the  turbine  chamber  through  passage  P. 

The  power  of  the  turbine  depends  upon  the  number  of  nozzles  in 
action,  and  these  can  be  opened  or  closed  by  a  hand  wheel  on  each. 
Each  nozzle  performs  its  function  as  perfectly  when  operating  alone  as 
when  operating  in  conjunction  with  others. 

De  Laval  turbines  of  the  single-stage  geared  type  are  made  in  sizes 
ranging  from  17  to  700  horse  power,  condensing  and  non-condensing, 
and  are  designed  to  regulate  within  an  extreme  variation  of  2  per  cent 
from  no  load  to  full  load. 

The  speeds  vary  from  10,600  r.p.m.  for  the  largest  size  to  30,000  r.pjn, 
for  the  smallest,  the  gearing  reducing  these  to  900  and  3000  r.pjn., 
respectively,  at  the  shaft. 

The  diameter  of  the  wheel  varies  from  4  inches  in  the  smallest  tur- 
bine to  30  inches  in  the  largest,  thus  giving  peripheral  velocities  of  from 
520  to  1310  feet  per  second. 

In  addition  to  the  single-stage  geared  type  the  De  Laval  company 
manufacture  the  single-stage  gearless,  two-stage  gearless,  and  multi- 
stage gearless  turbine.  The  latter  are  constructed  in  sizes  up  to  5000 
kilowatts  and  are  described  in  paragraph  221. 

217.  Elementary  Theory.  —  De  Laval  Single-stage  Turbine.  —  The 
maximum  theoretical  power  developed  by  a  jet  of  steam  flowing  through 
a  nozzle  is  dependent  only  upon  the  weight  of  steam  flowing  per  unit  of 
time  and  the  initial  velocity.  Therefore  the  higher  the  initial  velocity 
for  a  given  rate  of  flow  the  greater  will  be  the  power  developed  and  the 
higher  the  efficiency. 

The  maximum  weight  of  steam  discharged  through  a  nozzle  of  any 
shape  and  for  a  given  initial  pressure  is  determined  by  the  area  of  the 
narrowest  cross  section  or  throat. 

To  obtain  the  maximum  velocity  at  the  exit  or  mouthy  for  a  given  rate 
of  flow,  the  nozzle  should  be  proportioned  so  that  expansion  to  the 
external  pressure  into  which  the  nozzle  delivers  shall  take  place  within 
the  nozzle  itself.  If  expansion  in  the  nozzle  is  incomplete,  sound  waves 
will  be  produced  and  there  will  be  irregular  action  and  loss  of  energy. 
On  the  other  hand,  if  expansion  in  the  nozzle  is  carried  below  that  of 
the  external  pressure  at  the  mouth,  sound  waves  will  be  produced  with 
siil)M*<juent  loss  of  energy  even  greater  than  in  the  former  case. 

Kxperimental  and  mathematical  investigations  indicate  that  the  pres- 
hip-  ;it  the  narrowot  section  of  an  orifice  or  the  throat  of  a  nonfc 
tlin»u»h  which  ste.-im  i<  flowing  falls  to  approximately  0.58  of  theinitilf 
aholute  pressure  ''with  resultant  velocity  of  about  1400  to  1500  feet ptf 
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second)  and  any  farther  fall  in  pressure  must  take  place  beyond  the 
narrowest  section.  Thus  for  back  pressures  greater  than  0.58  of  the 
initial  (conveniently  taken  as  $),  maximum  exit  velocity  may  be  ob- 
tained from  orifices  or  nozzles  of  uniform  cross  section  or  with  sides 
convergent.  For  back  pressure  less  than  0.58  of  the  initial  the  nozzle 
must  first  converge  from  inlet  to  throat  and  then  diverge  from  throat  to 
nouth  in  order  to  obtain  maximum  velocity.  Without  the  divergent 
ortion  of  the  nozzle  the  jet  will  begin  to  spread  after  passing  the  throat, 
ad  its  energy  will  be  given  up  in  directions  other  than  that  of  the 
iginal  jet. 

Fig.  240  shows  a  section  through  a  theoretically  proportioned  ex- 
nding  nozzle.     The  cross  section  of  the  tube  at  any  point  n  may  be 


Fig.  240.     Theoretically  Proportioned  Expanding  Nozzle. 

sulated  by  means  of  equation 

An  -  -y-> 

r  n 


(140) 


vhich 

An  =  area  in  square  feet. 

W  =  maximum  weight  of  steam  discharged,  pounds  per  second. 
Sn  =  specific  volume  of  the  steam  at  pressure  Pw. 

?or  saturated  steam  Sn  =  xnun, 

which  xn  =  quality  of  steam  at  pressure  Pn  after  adiabatic  expansion 

from  pressure  Pi. 

un  =  specific  volume  of  saturated  steam  at  pressure  Pn. 

For  superheated  steam,  see  Mollier  diagram,  Appendix  L. 

YH  =  velocity  of  the  jet,  feet  per  second. 
Vn  may  be  determined  from  equation  (129): 

Vn  =  223.8  VHX  -  H n. 

By  substituting  Hn  =  heat  content  corresponding  to  pressure 
\  =  0.58  Pi  in  equations  (129)  and  (140)  the  area  at  the  throat  may  be 
eadily  determined.     The  cross-sectional  area  for  other  points  in  the 
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tube  may  be  determined  in  a  similar  manner  by  assigning  values  of 
H»  corresponding  to  the  various  pressures. 

In  case  of  a  perfect  nozzle  Ht  —  Hn  represents  the  heat  given  up 
toward  producing  velocity  by  adiabatic  expansion  from  pressure  P,  to 
P„.  In  the  actual  nozzle  the  frictional  resistance  of  the  tube  serves  to 
increase  its  dryness  fraction,  but  in  doing  so  it  decreases  the  amount  of 
energy  the  steam  is  capable  of  giving  up  towards  increasing  its 

THEORETICAL  DESIGN  OF  A  DIVERGENT  NOZZLE 
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■clurity.     If  y  onc^hundredths  of  (he  heat  H,  —  H„  is  utilized  in <f» 
timing  frictirmiil  resistance,  then  the  rc-iulting  velocity  will  be 

1'  =  223.S  V(l~-  y)  (lj;~-~lQ.  (14fl 

The  i|iiiility  of  the  strain  after  expanding  to  P»  against  the ruiuU 4 

.  y(tf i  -  ff.) 


wliic-h 


/„  =  increase  in  quality  =  - 
r„  =  heat  of  vaporizati' 
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'  curves  in  Fig.  241,  calculated  by  means  of  equations  (129)  and 
show  the  relationship  between  velocity,  quality,  pressure,  and 
:  energy  for  all  points  in  a  theoretically  perfect  nozzle  expanding 
iund  of  dry  steam  per  second  from  an  initial  absolute  pressure  of 
>unds  to  a  condenser  pressure  of  one  pound, 
curves  hi  Fig.  242  are  based  upon  the  experiments  of  Gutermuth 
d.  Ver.  Ingr.,  Jan.  16,  1904)  and  show  the  effect  of  a  few  shapes 
zles  and  orifices  on  the  actual  weight  of  steam  discharged  for 
s  rates  of  initial  and  final  pressures,  the  smallest  section  of  the 
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Flu.  242.     Flow  of  Steam  through  Noules. 

nozzles  of  most  commercial  types  of  steam  turbines  are  made 
traight  sides  as  in  Fig.  23S,  so  that  only  the  area  at  the  mouth 
te  determined  in  addition  to  that  at  the  throat  in  order  to  lay  out 
ape  of  the  tube. 

tations  (129)  and  (140)  are  general  and  are  applicable  to  steam 
•  quality,  wet,  dry,  or  superheated.  For  steam  initially  dry  and 
,ted  Napier's  rule  offers  a  simple  means  of  determining  the  area 
:  throat,  thus: 

.  A.P,, 


w . 


70 


for  P. 


r<^A, 


W  -  0.020  A,  VP,(P,  -  P„)  for  P.  >  J  P„ 


(143) 
(144) 


■  maximum  weight  of  steam  discharged,  pounds  per  second; 
s  at  the  throat,  square  inches; 

te  initial  pressure,  pounds  per  square  inch ; 
e  back  pressure,  pounds  per  square  inch. 
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atropy  tables  or  charts  are  not  available,  values  Hi  to  #8and 

i  must  be  calculated. 

different  quantities  for  the  theoretical  nozzle  will  be  calculated 
exit  pressure  Pn  =  P8  =  2  lbs.  per  sq.  in.  absolute. 

F8  =  223.8  y/Hx  -  H 8 

=  223.8  Vl  197.3-  899.3 

=  3865  feet  per  second. 
#8  =  778  {Hx  -  H8) 

=  778  (1197.3  -  899.3) 

=  232,000  foot-pounds. 
WS 


A*  = 


V 
1  X137 


3865 
=  0.0353  square  foot. 


d,  =  y/(M12<i)A  =  13.56  VI 


F.  = 


=  13.56  V0.0353 
=  2.54  inches. 
WV9 


9 
3865 


32.2 
=  120  pounds. 

THEORETICAL  NOZZLE. 


Qtity j 

V 
Ft.  per  Sec. 

E 
Ft  .-Lbs. 

A 

Sq.  Ft. 

d 
Inches. 

F 
Pounds. 

(73) 

(72) 

(76c) 

(74) 

sures 

110 
70 
30 
14.7 

8 

4 

2 

1,496 
1,995 
2,650 
3,053 
3,339 
3,624 
3,865 

34,767 
61,853 
107,485 
144,742 
173,207 
203,968 
232,000 

. 00259 

.00269 

.00461 

.00745 

.0119 

.0202 

.0353 

0.693 

0.702 

0.919 

1.1 

1.46 

1.92 

2.54 

46.4 

61.93 

82.3 

94.8 

103.7 

112.5 

120.0 

the  actual  nozzle  these  values  will  be  modified  because  of  the 
nal  losses.     Thus,  for  Pn  =  2  lbs., 

Vs  =  223.8  V(l  -  y)  {H,  -  Hs) 


=  223.8  V(l  -  0.1)  (1197.3  -  899.3) 
=  3667  ft.  per  sec. 
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Es  =  778  (1  -  0.1)  (1197.3  -  899.3)  =  208,800  ft.4bs. 

X%  =  X8  +  IB  =  x8  H 

_  n  -efi  ,  0.1(1197.3-899.3) 

"  0/88  +  I021 

=  0.788  +  0.029 
=  0.817. 


4*  = 


from  which 


r8 

=  0.817  X  173.1 

3667 
=  0.0386  sq.  ft., 


d8  =  2.66  in. 


F«  = 


Wa      3668 


(7 


32.2 


=  114  lbs. 


Those  various  factors  for  all  given  pressures  have  been  calculated  in 
a  similar  manner  and  are  as  follows: 


ACTUAL  NOZZLE. 


(Juuutitirs  . .  • 


Pressures  < 


110 
70 
30 
14.7 

8 

4 


V 
Ft.  iht  Sec. 


E 

Ft  .-Lbs. 


x'. 


A 

Sq.  Ft. 


d 
Indies. 


1,420 
1.S93 
2,515 
2,894 
3,168 
3.438 
3,667 


31,317 
55,632 
98,257 
130,050 
155,858 
183,581 
208,800 


.9658 

.00275 

.9414 

.00286 

.9026 

.00493 

.876 

.0080 

.856 

.0127 

.836 

.0220 

.817 

.0386 

0.711 

0.723 

0.951 

1.2 

1.53 

2.01 

2.66 


F 

Ft  .-Lbs. 


44.1 
58.8 
78.12 
98.8 
98.4 
106.  S 
114.0 


Many  of  those  values  may  he  determined  directly  from  the  Mother 
or  total  heat -entropy  diagram  as  described  in  Appendix  L;  in  fact, 
the  Mollier  diagram  has  to  all  intents  and  purposes  supplanted  the 
Mean i  tables  in  this  connection.  For  superheated  steam  the  diagram 
•■<  extremely  useful  in  avoiding  laborious  calculations. 

K\fi.  -  W  gives  a  diagrammatic  arrangement  of  the  blades  in  a  single- 

<-.scv  IV  I  .aval  turbine.     The  nozzle  directs  the  steam  against  the  blades 

\-i  »   *<v.\:«/i  velocity  l'i  and  at  an  angle  a  with  the  plane  of  the  wheel 

S-.vo  the  wheel  is  moving  at  a  velocity  of  u  feet  per  second,  the 

»  of  tin*  steam  n latin  to  the*  wheel  is  the  resultant  of  V\  and 

""•■    !.-X"V  ^\  between  r,  and  A" A*  will  he  the  proper  blade  angle  at 

-.:  .  ;V,o  blade  curve  make*  thi-  angle  with  the  direction  of 

LiL  .»  us:  *Ctfvl  no  shock  will  be  experienced  when  the  steam  eaten 


-ia'.C 


/ 
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the  blades.    For  convenience  in  construction  the  exit  angle  &  is  made 

the  same  as  the  entrance  angle  ft.    Neglecting  frictional  losses  in  the 

blade  channels  the  relative  exit  velocity  will  be  t»2  =  vlt  and  the  absolute 

velocity  V*  is  the  resultant  of  v%  and  u.    The  impulse  exerted  by  the 

W 
jet  in  striking  the  vanes  is  — vi,  and  its  component  in  the  direction  of 

W  W 

motion  is  —  Vi  cos  ft  =  —  (Vi  cos  a  —  u).    As  the  jet  leaves  the  vanes 

9  9 

W                       W 
the  impulse  is v%  cos  ft  = (F2  cos  y  +  u). 

9  9 

11=1250 


Fig.  243.    Velocity  Diagram.     Ideal  Single-stage  Impulse  Turbine. 


The  toted  pressure  acting  on  the  vanes,  or  the  actual  driving  impulse,  is 

a  —  u  —    — 

(H7) 


p  «  K  ]vl  cos 
9 

W 


(V2 cos 7  +  u)  \i 


=  —  (Vi  cos  a  +  Vi  cos  7). 
9 

Equation  (147)  may  also  be  expressed 

p  =— .2(FiCOSa-w). 
9 

The  resultant  axial  force  or  end  thrust  is 

F  =  —  (Fi  sin  a  —  72  sin  7). 
9 


(148) 


(149) 


Evidently   if  a  =  7  and  V\  =  F2  there  will  be  no  end  thrust,  since 
Vi  sin  cl  —  V%  sin  7  will  be  zero. 

The  teorft  done  is 

W 

Pu  =  —  w  (Vi  cos  a  +  F2  cos  7),  (150) 

*/ 
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or,  using  equation  (148)  in  place  of  (147), 

W 

Pu  =  —  •  2  u  (Vi  cos  a  —  u) 

9 

W 

=  —  •  2  (uVi  cos  a  —  u2). 

9 

By  making  the  first  derivative  equal  to  zero 

d  (W  ) 

—  <  —  2  (uVi  cos  a  —  u2)  >  =  Vi  cos  a  —  2  u  =  0, 
au  (  g  ) 

or  w  =  £  Vi  cos  a. 

That  is,  for  any  nozzle  angle  a  the  work  done,  Pu,  has  its  gr 
value  when  u  =  £  Vi  cos  a  or  7  =  90  degrees,  whence 

TV 

Ptt  =  W  7T—  cos2  a. 
20 

The  work  for  any  initial  velocity  Vi  becomes  a  maximum  when 
and  u  =  \  Vi.  This  condition  can  only  occur  for  a  complete  reve 
jet  and  zero  final  velocity.    Substitute  a  =  0  and  u  =  £  V\  in  eq 

(151). 

TTFi2 
Pit  =  -= — ,  which  is  necessarily  the  same  as  equation  (12 

In  the  actual  turbine  the  various  velocities  will  be  less  than  th 
obtained  on  account  of  the  frictional  resistance  in  the  blades,  ai 
velocity  diagram  should  be  modified  accordingly. 

Example:   Lay  out  the  blades  (theoretical  and  actual)  for  the 
in  the  preceding  example,  assuming  that  the  jet  impinges  again 
wheel  at  an  angle  of  20  degrees  and  that  the  peripheral  veloc 
1250  feet  per  second. 

Theoretical  Case: 

Lay  off  T'i  =  3865  feet  per  second  in  direction  and  amount  as  s 
in  Fig.  243  and  combine  it  with  u  =  1250  feet  per  second;  this 
/'i,  the  relative  entrance  velocity,  as  2725  feet  per  second,  and  fr 
entrance  angle,  as  29  degrees. 

Lay  off  r2  =  v\  at  an  angle  #>  =  &  and  combine  with  u;m  this 
rL>,  the  absolute  exit  velocity,  as  1740  feet  per  second. 

The  theoretical  energy  available  for  doing  work  is 

E  =  £-  (TV  "  TV) 
2(7 

=  ^r  (38652  -  17402)  =  185,000  foot-pointe 
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difference  between  232,000  and  185,000  =  47,000  foot-pounds  is 
tly  the  kinetic  energy  lost  in  the  exhaust  due  to  the  exit  velocity, 
pressure  exerted  by  the  steam  on  the  buckets  is 

W 

P  =  —  (Vi  cos  a  +  V2  cos  7) 

=  3^2  (3865  X  °'9397  +  174°  X  a65166) 
=  148  pounds. 

theoretical  impulse  efficiency  is 

VJ  -  Vt*      3865*  -  17402 


vt 


3865 


2 


=  0.797. 


U  -12S0 


h — p— *r  f "' 


U—1250 
Flo.  244.     Velocity  Diagram  as  Modified  by  Friction  Losses. 

theoretical  horse  power  per  pound  of  steam  flowing  per  second  is 

H.R  =  1^2  .  336. 
00U 

>retical  steam  consumption  per  horse-power  hour  is 


3600 
336 


=  10.7  pounds. 


ol  Case: 

teed  as  in  the  theoretical  case,  using  the  actual  absolute  velocity 

$865  Vl  -  y  =  3865  Vl  -  0.10  =  3667  feet  per  second  in  place 
theoretical  value  Vi  =  3865.  Lay  off  V\  =  3667  at  an  angle  of 
;rees  as  before  and  combine  with  u  =  1250,  Fig.  244. 
i  resultant  Vi  =  2530  is  the  velocity  of  the  jet  relative  to  the  wheel, 
le  entrance  angle  0  is  found  to  be  29.7  degrees.  The  relative  exit 
ty  Vt  will  be  less  than  i\  because  of  the  blade  friction. 


404  STEAM  POWER  PLANT  ENGINEERING 

Assume  the  loss  of  energy  <fi  from  this  cause  to  be  14  per  cent;  then, 
since  the  velocity  varies  as  the  square  root  of  the  energy, 

v2  =  vi  Vl  -<f>  (153) 

=  2530  Vl  -  0.14 

=  2346  feet  per  second. 

The  resulting  absolute  velocity  Fj  is  found  from  the  diagram  to  be 
V2  =  1405  feet  per  second. 
Since  the  loss  of  energy  in  the  nozzle  is 

and  that  in  the  blade 

2g '  (lcK>) 

the  remaining  energy,  deducting  both  losses  in  the  nozzle  and  the 
blades,  is 

W   (Fl2    _    yVl2    _    0  ^2    _    Fj2)  (156) 

=  ^  (3865*  -  0.1  X  38652  -  0.14  X  2530*  -  1405 *) 

=  164,200. 

The  losses  due  to  windage,  leakage  past  the  buckets  and  mechanical 
friction  must  be  deducted  from  these  figures  to  give  the  actual  energy 
available  for  doing  useful  work:  Assuming  a  loss  of  15  per  cent  due  to 
this  cause,  the  work  delivered  is 

0.85  X  164,200  =  139,570  foot-pounds. 

The  efficiency  in  the  ideal  case  was  found  to  be  0.797  and  the  avail- 
able energy  185,000  foot-pounds. 

The  efficiency,  deducting  the  loss  due  to  friction,  etc.,  is 

!S x  °-797  -  °-60- 


V\w  horse  power  delivered  is 

139,570 


=  254. 


550 

•Me  mi  consumption  per  horse-power  hour  is 

3600 


0--:-  =  14.2  pounds. 


I  '».   ti.Mi  consumption,  B.t.u.  per  horse  power,  per  minute  is 

11.2  (1197.:!  -94)  =  om 
60 
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Assuming  tbe  revolutions  per  minute  to  be  10,000,  the  mean  diameter 
of  the  wheel  to  give  a  peripheral  velocity  of  1250  feet  per  second  is 
1250X60 


10,000  X  3.14 


=  2.39  feet,  or  28.6  inches. 


The  determination  of  the  height  and  width  of  vanes,  clearance  be- 
tween nozzles  and  blades,  etc.,  are  beyond  the  scope  of  this  work  and 
the  render  is  referred  to  the  accompanying  bibliography. 

Blade  Design  for  De  Local  Turbines:  Moycr,  "Steam  Turbine,"  Chap.  IV;  Power, 
Mar.  17,  1908,  p.  391. 

Floic  of  Steam  through  Nozzles:  Jour.  A.S.M.E.,  Mid.  Nov.,  1909,  April,  1910, 
p.  537 ;  Engineering,  Feb.  2,  1906;  Engr.,  Lond.,  Dec.  22,  1905;  Eng.  Hoc.,  Oct.  26, 
1901 ;    Power,  May,  1905;  Eng.  News,  Sept.  19,  1905,  p.  204. 

Design  of  Turbine  Disks:  Engr.,  Lond.,  Jan.  8, 1904,  p.  34,  May  13,  1904,  p.  481. 

Turbine  Losses  and  their  Study:   Jour.  El.  Power  and  (las,  March  9,  1912. 

Critical  Velocity  of  Shafting:  Jour.  A.S.M.E.,  June,  1910,  p.  1060;  Power,  Sept., 
1903,  p.  484. 


Fio.  245.     Section  through  Single-stage  Terry  Steam  Turbine. 

(18.  Terry  Turbine.  —  Fig.  245  shows  a  section  through  a  single- 
stage  Terry  turbine,  illustrating  an  application  of  the  single-stage  im- 
pulse type  with  two  or  more  nliKi'ty  stages.  This  "compounding"  of 
the  velocity  permits  of  much  lower  peripheral  velocities  than  with  the 
single-velocity  type.  The  rotor,  a  single  wheel  consisting  of  two  at 
cfafca  held  together  by  twits  over  a  steel  center,  is  fitted  at  its  periphi 
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with  pressed-steel  buckets  of  semi-circular  cross  section.    The  inner 
surface  of  the  casing  is  fitted  with  a  series  of  gun-metal  reversing  buckets 
arranged  in  groups,  each  group  being  supplied  with  a  separate  nozde. 
The  steam  issuing  from  nozzle  N,  at  very  high  velocity,  Fig.  246,  strikes 
one  of  the  buckets,  B,  on  the  wheel,  and  since  the  velocity  of  the  buck- 
ets is  comparatively  low,  is  reversed  in  direction  and  directed  into  the 
first  one  of  the  reversing  chambers.     The  chamber  redirects  the  jet 
against  the  wheel,  from  which  it  is  again  deflected;    this  is  repeated 
four  or  more  times  until  the  available  energy  has  been  absorbed  by 
the  rotor.     Terry  turbines  are  made  in  a  number  of  sizes  varying  from 
5  to  800  horse  power,  and  operate  at  speeds  varying  from  210  feet  per 
second  in  the  smaller  machine  to  260  feet  per  second  in  the  larger. 


Fnj.  240.     Arrangement  of  Buckets  and  Reversing  Chambers  in  a  Terry  Steam  Turbine. 


These  low  speed  limits  compared  with  the  speed  of  single-stage  De  Laval 
turbines  are  made  possible  by  the  application  of  the  velocity-stage 
principle  in  the  use  of  the  reversing  buckets.  The  rotor  of  the  smaller 
machine  is  12  inches  in  diameter  and  runs  at  3800  r.p.m.,  and  that  of 
the  larger,  48  inches,  running  at  1250  r.p.m.  Since  the  flow  of  steam 
into  ami  from  the  buckets  is  in  the  plane  of  the  wheel  there  is  no  end 

tlirur.t . 

N«»n  condensing  Terry  turbines  are  all  of  the  single-stage  type.  The 
n mm |<- using  units  are  of  the  two-stage  type,  the  first  stage  expanding 
•''<•  .train  from  initial  to  atmospheric  pressure  and  the  second  stage 
'■k.p  Muling  thr  steam  from  atmospheric  to  condenser  pressure. 

rMI  •■  drsrription  of  the  Bliss,  Dake,  Sturtevant  and  Wilkinson 
,h  ""  t«ii  bines  with  results  of  tests  see  "Small  Steam  Turbines,"  br 
1 «  ^  n"uk,  Jour.  A.S.M.E.,  May,  1900,  and  contributed  discussion, 
•'"  i»i  ,,M,'>  S,«e  also  "The  Development  of  the  Small  Steam  T^ 
,'""   "  I  ng    Mag.,  Dee..  1908,  and  Jan.,  1909. 
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Hi.  Elementary    Theory.  —  Terry    Turbine.  —  Fig.    247    gives    the 
theoretical  velocity  diagram  for  a  single  pressure  stage  Terry  Turbine. 
Since  the  entire  heat  drop  takes  place  in  the  nozzle  the  initial  velocity 
frf  the  jet  OA  is  the  same  as  with  the  single-stage  De  Laval  turbine  and 
may  be  calculated  by  means  of  equation  (129).    OA  represents  the  ab- 
solute velocity  of  the  jet,  OC  the  peripheral  velocity  and  AOC  the  angle 
of  the  nozzle.    CB  is  the  component,  parallel  to  the  line  of  the  jet,  of 
the  resultant  of  AO  and  OC.    DC,  in  line  with  and  equal  in  length  to 
CB,  combined  with  the  peripheral  velocity  DE  gives  EC,  the  absolute 
relocity  of  the  steam  as  it  leaves  the  first  set  of  rotating  buckets.    0\F, 
arallel  to  OA  and  equal  in  length  to  EC,  represents  the  velocity  of  the 
:eam  as  it  enters  the  first  stationary  or  reversing  bucket.    JG  is  the 


Fig.  247.     Theoretical  Velocity  Diagram,  Terry  Turbine. 

somponent  of  the  resultant  of  0\F  and  0\J  in  line  with  the  jet.     The 

resultant  IJ  of  H J  ( =  JG)  and  HI  represents  the  velocity  of  the  steam 

as  it  leaves  the  first  stationary  bucket.     This  construction  is  repeated 

through  all  velocity  stages.     The  final  exit  velocity  of  the  steam  as  it 

JBBues  from  the  moving  buckets  is  WY.     The  energy  converted  into 

useful  work  is 

W 


2l  =  (oa>  -  wry 

In  the  actual  turbine  friction  losses  would  reduce  the  length  of  the 
"velocity  lines  and  increase  the  amount  of  energy  rejected  in  the  exhaust. 
The  construction  of  the  velocity  diagram  as  modified  by  friction  is 
similar  to  that  described  in  paragraph  217,  Fig.  240. 

*8§.  Kerr  Turbine.  —  Fig.  248  shows  a  longitudinal  section  through 
•tt  eight-stage  Kerr  steam  turbine  illustrating  the  compound-pressure 

multi-cellular  group  of  the  impulse  type.     The  rotor  consists  of  a 
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lies  of  steel  disks,  mounted  on  a  rigid  steel  shaft.  A  series  of  drop- 
irged  steel  buckets  is  secured  to  the  periphery  and  riveted  in  dove- 
ailed  slots  as  shown  in  Fig. 
49.  The  tips  of  the  buckets 
ire  riveted  to  a  shroud  ring, 
hereby  insuring  a  rigid  and 
native  spaced  construction. 
Die  stator  is  made  up  of  a 
lumber  of  arched  cast-iron 
liaphragms  with  circular  rims 
iongued  and  grooved,  and 
jolted  to  steam-end  and 
shaust-end  castings.  The 
males  are  formed  by  walls 
rithin  the  diaphragm  and 
bin  Monel  metal  vanes  die- 
ressed  into  shape  and  cast 
ito  the  diaphragm.     One  set 


toning,  Kerr  Turbine 


F  nozzles  and  one  wheel  constitute  a  stage  and  the  expansion 
carried   out  in  from  s 


usually 
to  ten 
stages,  depending  upon  the  con- 
dition of  operation. 

The  operation  is  as  follows: 
Steam  enters  the  turbine  through 
a  double-beat  balanced  poppet 
valve,  the  stem  of  which  is  con- 
nected through  levers  to  the 
governor,  to  the  circular  cored 
space  H,  H  extending  around  the 
steam  "end  easting."  This  space 
acts  as  an  equalizer  and  insures 
unifonn  admission  to  the  first  set 
of  nozzles.  Partial  expansion 
takes  place  through  the  first  set  of 
nozzles  and  the  kinetic  energy  is 
imparted  to  the  rotor  through  the 
medium  of  the  vanes.  Steam 
leaves  the  buckets  at  a  very  low 
velocity  and  is  again  expanded 
K°err  Turbine-,  '  through  the  second  set  of  nozzles 

l  the  diaphragm.     This  process  is  repeated  in  each  stage  and  exhau"* 

tan  leaves  the  turbine  at  0. 
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Fig.  231  illustrates  the  principles  of  the  oil  relay  governor  as  applied 
to  the  larger  sizes  of  turbines  driving  alternators.  Referring  to  Fig.  251: 
rotation  of  the  turbine  shaft  is  transmitted  through  worm  gear  and 
governor  spindle  to  weights,  IT,  II*',  Centrifugal  force  throws  these 
weights  outward  about  suspension  points  A  and  A',  overcoming  the 
resistance  of  the  spring.  The  movement  of  the  spring  is  transmitted 
through  lever  L  to  relay  plunger  P  and  admits  oil  pressure  (about 
30  pounds  per  square  inch)  to  piston  S  and  in  this  manner  throttle) 
admission  valve  V.  Similarly,  a  downward  movement  of  the  relay 
plunger  stem  releases  oil  pressure  and  opens  the  admission  valve. 


Floating  lever  L  is  connected  to  the  admission  valve  stem  through 
secondary  lever  .1/  su  that  the  movement  of  the  steam  valve  return* 
the  relay  plunger  to  its  central  position.  This  equalizes  the  pressure  on 
top  and  bottom  of  the  main  piston  S  and  arrests  its  movement,  thereby 
ziiintaining  a  fixed  opening  for  a  given  speed.  A  suitable  emergency 
—!_->:■  automatically  cuts  off  the  steam  supply  in  case  the  speed  exceedt 
i  -zrvirtenninod  amount. 

=.  jcrtae-loadcd  governor  of  the  centrifugal  type  mounted  direrifr 
a  "!ir  "irrine  shaft  is  used  to  control  the  smaller  sizes  of  turbines.      ' 

r..-  -irrcies  are  constructed   horizontally  and  vertically  and ; 

— '..-    uftf-  ranging  from  .")  to  "."ill  horse  power,  and  are  cVtaigned 

—• - r-  •  „   ■n*"t*  it  pumps,  1  lowers  mid  generators.     The  rotate^lf 
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varies  from  2000  to  4000  r.p.m.,  depending  upon  the  service  for  which 
the  turbines  are  intended. 

Si.  The  De  Laval  Multi-stage  Turbine  differs  from  the  Kerr  tur- 
bine only  in  mechanical  details.  It  is  of  the  multi-cellular  type  and 
ii  provided  with  a  rigid  shaft.  The  increase  in  the.  cross-sectional  area 
of  the  passages  required  by  the  expansion  of  the  steam  as  it  proceeds 
through  the  turbiile  is  effected  by  lengthening  the  blades,  reducing  the 
diameters  of  the  wheels  correspondingly  and  increasing  the  bore  of  the 
casing.  (In  the  Kerr  turbine  the  blades  are  lengthened  and  increased 
in  width  from  the  high-pressure  to  the  low-pressure  stages  and  the 
steam  passages  are  increased  in  size  but  the  outside  diameter  of  the 
rotor  remains  the  same.)  The  bearings  are  of  rigid  construction  ar- 
ranged for  water  cooling.  Labyrinth  packing  is  used  between  stages 
md  combined  labyrinth  and  carbon-ring  packing  at  the  steam  and 
exhaust  ends  of  the  casing.  Air  leakage  into  the  turbine  is  prevented 
ay  introducing  live  steam  between  the  two  outer  carbon  rings.  The 
pvernor  is  of  the  throttling  type  and  is  mounted  upon  a  vertical  shaft 
(riven  through  worm  gearing  by  the  main  turbine  shaft. 

£82.  Elementary  Theory.  —  Kerr  Turbine.  —  In  the  Kerr  turbine  the 
liameters  of  the  moving  elements  are  uniform  and  hence  the  periph- 
ral  velocities  are  the  same.  In  the  frictionless  turbine  the  velocity 
suing  from  each  jet  or  the  stage  velocity  should  be  the  same.     If 

liere  are  n  stages  the  heat  drop  per  stage  will  be  -  of  the  total  heat 

rop.  Since  there  are  no  friction  losses  in  the  ideal  turbine  the  total 
eat  drop  is 

Hi  —  Hn 

ad  the  heat  drop  per  stage 

Hi  —  H  n 
n 

The  stage  velocity  or  initial  velocity  of  jet  from  each  nozzle  is 


V  =  224 


V        n 


The  pressure,  specific  volume  and  quality  of  the  steam  in  each  stage 

TJ     TJ 

may  be  determined  by  subtracting  — from  the  heat  content  of 

lie  preceding  stage  and  finding  the  corresponding  quantities  from  tem- 
tfure-entropy  tables  or  diagrams. 

Hub,  an  eight-stage  turbine  operating  non-condensing  at  190  pounds 
1  absolute  pressure  would  show  about  the  following  conditions. 
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nged  somewhat  as  in  the  Parsons  turbines,  paragraph  226.  In  the 
t,  however,  the  difference  in  pressure  between  the  two  sides  of 
vane  induces  flow  by  continuous  expansion,  while  in  the  former 
moving  vanes  in  any  one  stage  simply  absorb  the  kinetic  energy 
dy  created  by  expansion  in  the  nozzle.  The  action  is  as  follows: 
n  enters  stage  (1),  Fig.  252,  through  the  first  set  of  nozzles,  and  is 
ally  expanded.  With  the  resulting  initial  velocity  it  impinges 
ist  the  first  row  of  moving  blades  and  gives  up  part  of  its  energy, 
is  then  deflected  through  the  adjoining  stationary  blades  to  the 
set  of  moving  vanes,  where  its  velocity  is  still  further  reduced,  and 


Fiq.  252.    Arrangement  of  X miles  and  Blades,  Curtis  Turbine. 


i  until  it  has  been  brought  practically  to  rest.  From  this  stage 
team  flows  at  reduced  pressure  through  nozzles  of  second  stage, 
i  are  sufficient,  in  number  and  in  size  to  afford  the  greater  area  re- 
d  by  the  increased  volume.  In  expanding  in  these  nozzles  it 
res  new  velocity  and  gives  up  energy  to  the  moving  blades  as 
e.  This  process  is  repeated  through  two  to  five  stages,  depending 
the  size  of  turbine.  Fig.  253  shows  a  partial  section  of  a  four- 
vertical  5000-kw.  machine.  R,  R  are  sections  through  the  revoiv- 
heels,  which  in  this  particular  turbine  are  nine  feet  in  diameter  and 
1  to  the  vertical  shaft  S.  On  the  periphery  of  each  wheel  are 
d  two  rows  of  blades  or  vanes,  with  a  stationary  or  intermediate 
ittached  to  the  casing  between  them.  The  buckets  are  made  of 
1  nickel  bronze,  hammered  to  shape  and  finish.  The  roots  are  dr* 
I  into  the  holders  and  the  tips  are  tenoned  and  riveted  h 
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ng,  thus  insuring  positive  spacing  and  a  rigid  construction. 
254.  Between  each  pair  of  wheels  is  a  stationary  steam-tight 
n  P,  which  contains  the  nozzles  through  which  the  steam  is 
.  from  the  preceding  stage.  It  will  be 
hat  the  buckets  and  nozzles  increase 
1  size  in  succeeding  stages  as  the  pres- 
>  and  the  volume  of  steam  increases. 
,s  are  so  proportioned  that  the  steam 

approximately  -  of  its  energy  in  each 

representing  the  number  of  stages. 
iber  of  stages  and  the  number  of  vanes 
e  are  governed  by  the  degree  of  expan- 
peripheral  velocity  which  is  desirable    ^v.  264.    Bucket  Details. 

...  ,    ,  .  ,.,,  -  Curtia  Turbine. 

icabie,  and  by  various  conditions  of 

:al  expediency.     The  admission  valves  vary  in  number  and 

on  with  the  size  of  turbine.    The  automatic  stage  valve  G 

the   first   stage  directly  to  a  set   of  auxiliary  second-stage 

See  Fig.  255.     Thus  the  overload  capacity  b  increased  by 

widening   the   steam    belt  and 

not  by  admitting  high-pressure 

steam  into  an  intermediate  stage 

as  was  formerly  the  practice  with 

Curtis  turbines.     This  method 

of  overload   control   results  in 

higher  efficiency  than  the  older 

system. 

Curtis  turbines  appear  to  have 
a  wider  range  of  economical 
application  than  any  other  type, 
commercial  sizes  ranging  from  a 
small  horizontal  unit  of  7  kilo- 
watts rated  output  to  vertical 
units  of  25,000  kilowatts  capac- 
ity on  the  continuous  24-hour 
basis.  The  smaller  machines, 
watts  and  under,  are  usually  of  the  horizontal  type,  and  the 
uts,  9000  kilowatts  and  larger,  are  of  the  vertical  type.  All 
jrbines  are  governed  by  "cutting-out  nozzles";  that  is,  full 
ressure  is  maintained  in  all  the  nozzles  that  are  open  and 
.city  of  the  machine  is  controlled  by  varying  the  number 
l.     Units  under  500  kilowatts  are  ordinarily  contr 
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inical  valve  gear  and  the  larger  units  by  an  indired  or  rday  system. 
e  older  types  this  relay  system  was  electrically  operated;  in  the 
rn  machines  the  valves  are  hydrauhcally  controlled. 
;-  257  shows  a  section  through  the  governor  for  the  large  units. 
1  regulation  is  accomplished  by  the  balance  maintained  between 
entrifugal  force  of  moving  weights  AA  and  the  static  force  exerted 
>ring  D.  The  governor  is  provided  with  an  auxiliary  spring  F  for 
ng  its  speed  when  synchronizing,  the  tension  in  which  is  varied  by 
all  pilot  motor  controlled  from  the  switchboard.    The  movement 


Fio.  257.     Main  Governor,  Curtis  Turbine. 


he  governor  weights  is  transmitted  through  rod  C  to  arm  H  and  by 
as  of  the  latter  to  the  controlling  mechanism  of  the  valve  gear, 
ig.  258  gives  an  assembly  view  of  the  mechanical  valve  gear  as 
lied  to  a  300-kilowatt  unit.  The  valve  stems  extend  upward  through 
inary  stuffing  boxes  and  are  attached  to  notched  crossheads  8,  8. 
h  crosshead  is  actuated  by  a  pair  of  reciprocating  pawls  or  dogs, 
i,  the  lower  one  of  which  closes  the  valve  and  the  upper  one  opens  it. 
i  several  pairs  of  pawls  are  hung  on  a  common  shaft  which  receives 
Jcking  motion  from  a  crank  driven  by  the  turbine  shaft.  The  cross- 
es have  notches  milled  in  the  side  in  which  the  pawls  engage  to 
a  or  close  the  valve,  the  engagement  being  determined  by  shield 
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plates  2,  the  positions  of  which  are  controlled  by  the  governor  throu 
the  medium  of  suitable  levers.  Shield  plates  6  are  Bet  one  a  little  ahe 
of  the  other  to  obtain  successive  opening  or  closing  of  the  valves.  1 
pawls  are  held  in  position  when  not  in  contact  with  the  shield  pla 
by  springs  W. 


Fig.  2">S.     Assembly  of  Mechanical  Valve  (Spars  for  300-K«.  Curtia  Steam  T 

Fig.  259  gives  a  diagrammatic  arrangement  of  the  hydraulica 
controlled  valve-gear  mechanism.  The  motion  of  governor  g  is  trai 
mittrd  through  lever  i  to  lever  a  of  the  pilot  valve  j.  Pilot  valve 
controls  the  supply  of  oil  (under  pressure)  in  cylinder  k,  the  piston 
which  actuates  rods  I,  J*    The  movement  of  rod  /  is  transmitted  throuj 

*  riw  pressure  is  on  buth  sides  of  the  pislon  ;iml  (he  latter  is  actuated  byt 
'.ituinjc  the  pressure. 
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m  to  a  small  pinion.  This  pinion  is  mounted  on  the  end  of  a  shaft 
1  with  a  number  of  cams,  one  a  little  ahead  of  the  other,  each  cam 
-oiling  the  opening  and  closing  of  a  steam  valve  through  the  medium 
K-'ker  arm  /.  As  the  load  on  the  turbine  increases  the  governor 
i  down  and  causes  the  cam  shaft  to  rotate  in  a  reverse  direction,  in- 


«d  by  the  arrow  points  in  Fig.  259.  This  causes  a  proportionate 
ber  of  valves  to  be  lifted  and  held  open,  the  number  increasing  as 
oad  increases,  until  all  are  open.  Should  the  load  continue  to  in- 
je,  as  in  the  case  of  overload,  the  secondary  valve  opens  as  previously 
ribed,  connecting  the  first  stage  with  a  set  of  auxiliary  second- 
e  nozzles.     Only  the  nozzles  in  the  first  stage  are  controlled  by  the 
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Fta.  260.     Steam-belt  Area  in  Five-stage  Curtis  Turbine. 

Tnor.  Should  the  turbine  run  above  normal  speed  the  emergency 
-valve  automatically  closes  the  admission  of  steam  to  the  nozzles, 
t  device  consists  of  a  steel  ring  placed  around  the  shaft  between  the 
ine  and  the  generator.  This  ring  is  eccentrically  mounted  and  the 
iJanced  centrifugal  force  is  balanced  by  a  helical  spring.  When 
predetermined  speed  is  reached  the  centrifugal  force  overcomes  thi 
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pressure  forced  between  ti 
blocks  P  and  P,  «■  pern 
shaft  5  to  reiulie  on  a  Ska  o 
Hmaller  disk  P  is  attached  bj 
the  main  shaft.  Carbon  pat 
arc  used  above  true  bearing 
leakage,  and  adjustment  is  p 
the  lower  bearing:  block  by 
wonn  K'-iir  /V,  worm  f/  mid  ratchet  handle  C.  The  oil  pies 
from  1 .10  to  7ii0  |hhiiii1h  jut  square  inch  according;  to  t 
murium-,  Mil-  higher  pressures  being  used  in  the  larger  maehi 
carbon  parking  and  criMinjt  IW  the  high-pressure  end  of  ti 
turbine  is  shown  in  Fig.  2<>2.  Figs. 
203  and  264  give  general  details  of 
the  carbon  packing  and  water- 
cooled  bearings  of  the  horizontal  enter, 
turbine. 

Fig.  2B5  gives  a  diagrammatic  °°"r] 
mil  line  i»f  the  oiling  system.  A  *■"££ 
tank,  i-f  sufficient  capacity  to  con- 
lain  nil  the  in)  and  fitted  with  suit- 
ti  I  ili'  framing  devices  uiul  a  cooling 
mil,  i*  located  at  ii  level  low  enough 
In  nvi'ne  oil  by  gravity  from  all  Fm.a 
lunula  luhrii-atcd.  A  pump  draws 
ml  Ikiiii  lliii  liiuk  and  delivers  it  at  a  pressure  alwut  25  per  e 
linn  that  required  to  sustain  the  weight  of  the  turbine  u 
Iiimi'uii;.  A  spiral  duet  baffle  connects  the  source  of  press' 
ijlt-li  bearing  and  serves  to  regulate  the  oil  supply  to  the  lo' 


STEAM  TURBINES 


FlQ.  264.     Water-cooled  Bearing,  Horizontal  Ciirlia  Turbine, 
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ir  the  description  of  a  typical  steam-turbine  station  equipped  with 
iB  turbines  see  Chapter  XX. 

meral  Description  of  Curtis  Turbines:  Power,  March,  1909;  Engr.  U.  S.,  Jan.  1, 

:  p.  115;  Power  &  Engr.,  Feb.  25,  1908,  p.  284,  Feb.  25,  1908,  March  3,  1908; 

WW.,  June  17,  1905,  p.  1136. 

Me  Bearings,  Oil  Distribution  &  Carbon  Packing:  Power  &  Engr.,  April  14, 1903; 

5,  1911,  p.  10. 

cchanical  Valve  Gear:  Power  &  Engr.,  March  10,  1908,  p.  356. 

fdraulic  Valve  Gear:  Power,  March,  1909,  p.  189. 

hU Losses:  Power&Engr.,  Jan.3, 1911, p.  19;  Proc.  A.S.M.E.,  Feb.,  1911,  p.  12$ 


L  Elementary  Theory,  Curtis  Turbine.  —  Fig.  266  gives  a  dia- 
unatic  arrangement  of  the  blades  and  nozzles  in  the  first  stage 
two-stage  Curtis  turbine,  each  stage  consisting  of  one  set  of  nozzles 
two  moving  and  one  stationary  sets  of  blades. 
rferring  to  the  diagram:  the  steam  is  expanded  in  the  first  stage 
t  pressure  Pi  to  P2  and  issues  from  the  first  set  of  nozzles  with  absolute 
3ity  Vi,  striking  the  first  set  of  moving  blades  at  an  angle  a  with 
ine  of  motion  of  the  wheel.  The  resultant  Vi  of  Vi  and  the  peripheral 
rity  u  is  the  velocity  of  the  steam  relative  to  the  vanes;  and  the 
b  0  which  the  line  Vi  makes  with  the  line  of  motion  of  the  wheel  is 
proper  entrance  angle  of  the  blades  for  the  first  set.  Neglecting 
ion  the  exit  angle  y  will  be  the  same  as  the  entrance  angle  0.  The 
Itant  of  t>2,  the  exit  velocity  relative  to  the  blade,  and  u,  the  peripheral 
2ity,  is  F2,  the  absolute  exit  velocity. 

ace  the  second  set  of  blades  is  fixed  and  serves  as  a  means  of  chang- 
the  direction  of  flow,  the  absolute  velocity  entering  them  is  V%. 
angle  8  formed  by  V2  and  the  center  line  of  the  stationary  blades 
le  proper  entrance  angle.  Neglecting  friction  the  absolute  exit 
city  will  be  F3  =  V2,  and  the  exit  angle  will  be  e  =  8.  The  steam 
ing  from  the  stationary  blades  strikes  the  second  set  of  moving 
les  at  an  angle  e  =  8  with  absolute  velocity  F3.  Combining  Vz  with 
peripheral  velocity  u  we  get  1%  the  velocity  of  the  steam  relative  to 
second  set  of  moving  blades.  The  angle  6,  formed  by  t>3  and  the 
of  motion  of  the  wheel,  is  the  proper  entrance  angle  for  the  second 
(jf  moving  blades.  The  resultant  of  v\  ( =  v$)  and  u  is  V4,  the  absolute 
Velocity  for  the  first  stage. 
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In  the  second  stage  the  steam  is  expanded  from  pressure  P«  to  that 
in  the  condenser  and  acquires  initial  velocity  Va,  leaving  the  last  bucket 
with  residual  velocity  Vn.  The  theoretical  velocities  and  blade  angles 
tor  this  stage  may  be  found  as  above. 


Nozzles 


gCMuninry  y»i'y*  \  \ v ] 

c-5 


VcUvity  Di:t£r:mi.  <'uni>  Turlrine. 


Curtis  turbine  develops  800  horse  power 
H  V2  pounds  per  horse-power  hour;  initial 
.^utuft\  sujHTlieat  UX>  decrees  F..  back  pressure 
•■-rsnwrHl  velocity  4">0  fret  per  second,  angle  of 
*.i  "vest  ion.  '20  decree.  Each  stage  consist* 
-iuai  Hie  stationary  ilrment.  Compare  the 
wjri>  Wc  theoretical  possibilities. 
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vol  Turbine: 

t  the  sake  of  simplicity  it  will  be  assumed  that  the  final  velocity 
ch  stage  is  zero  and  that  the  heat  drop  in  the  first  set  of  nozzles  is 
fourth  of  the  total  theoretical  drop  assuming  adiabatic  expansion. 

From  steam  tables  Hi  =  1249.6  B.t.u. 

From  entropy  tables  or  Mollier  diagram  Hn  =  934.6. 

Total  heat  drop  =  1249.6  -  934.6  =  315. 

Heat  drop  in  first  stage  a£A  =  78.75. 

le  velocity  of  the  jet  in  the  first  stage  is 

Vi  =  224  V78.75  =  1985  feet  per  second. 

r  laying  off  this  initial  velocity  in  direction  and  amount  and  com- 
g  it  with  the  peripheral  velocity  as  in  Fig.  266,  the  absolute  velocities 
id  V3  may  be  readily  obtained. 

e  kinetic  energy  absorbed  in  the  first  set  of  moving  blades,  per 
d  of  steam,  is 

ft  =  <tt  (F's  "  ™ 

1    (19852  -  11702)  =  39,930  foot  pounds  per  second, 


64.4 


n  the  second  set  of  moving  blades 

1    (11702-6702) 


64.4 
=  14,280  foot-pounds  per  second. 

otal  energy  converted  into  useful  work  is 

39,930  +  14,280  =  54,200  foot-pounds  per  second. 

d  the  entire  heat  drop  been  utilized  in  doing  work  the  total  energy 
Ibe 

■jrrj  X  19852  =  61,180  foot-pounds  per  second. 

e  difference  61,180  —  54,210  =  6970  represents  the  loss  due  to  the 

lal  velocity  of  the  steam  leaving  the  last  bucket. 

ce  the  steam  is  brought  to  rest  before  entering  the  second  set  of 

bs,  the  heat  equivalent  of  this  energy  or    -        =  8.96  B.t.u.  in- 

77o 

»  the  final  heat  content;  thus 

H2  =  1249.6  -  78.75  +  8.96  =  1179.8  B.t.u. 
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if  SUMMARY 

t  power  developed  per  pound  of  ateam 
consumption,  pounds  per  horse-power  hour. . . 
consumed  per  horse  power  per  minute 
al  efficiency,  per  cent 

■eiencv  ratio,  per  cent 


Fig.  267.      Section  through  WcstinBhouse  Impulse  Turhine. 

n.  Westlnghouse  Impulse  Turbine.  —  To  meet  the  demand  for 
Kill  turbines  the  Westinghouse  Machine  Company  has  recently  placed 
a  the  market  turbines  ranging  in  size  from  25  to  500  horse  power. 
Bite  under  50  horse  power  are  of  the  single-stage  multi- velocity  type 
Od  the  larger  sizes  arc  of  the  two-stage  multi-velocity  type.  All  of 
*eae  turbines  have  but  one  moving  element.  Fig.  267  shows  a  section 
igh  one  of  the  larger  units  and  Fig.  268  a  diagrammatic  arrange- 
of  blades  anil  nozzles.  Referring  to  Fig.  268,  steam  enters  the 
_jie  at  A,  through  a  double-seated  poppet  valve,  and  is  partially 
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xalance,  through  passage  E,  the  axial  thrust  of  the  steam  against  its 
ponding  drum  of  blades. 

im  enters  the  turbine  intermittently  as  shown  in  Fig.  272,  which 
Bnts  indicator  cards  from  a  1250-kilowatt  turbine  at  various  loads. 
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a  Westinghouae-ParBoaB  Steam 


it  load  the  valve  opens  for  a  very  short  period.  As  the  load  in- 
»,  the  period  lengthens  until  finally,  at  about  full  load,  the  valve 
lot  reach  its  seat  at  all,  and  continuous  pressure  is  obtained  in  the 
iressure  end  of  the  turbine. 


FlG.  273.     Governor  Mechanism,  WestinghouBB-Paraons  Turbine. 

a  intermittent  admission  of  steam  is  produced  and  controlled  t 
ft:  Lever  T,  Fig.  273,  is  given  a  reciprocating  motion  by  an  eccei 
letuated  by  a  worm  and  worm  wheel  on  the  main  shaft.  Tl 
St  is  transmitted  through  lever  //  (with  fixed  fulcrum  B)  to  Je 
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fivith  flfifitinB  rjiorar.  D  .:A  ~rS~y  ;o  pilot  valve  'j. 
r-.'itiniE  pilot  vai*.'-  ■uin"..*.*  f.':~-  j£  -"•■::::,  from  pip*:  0  »  U.-e  -L.^i>jJl 
piston  .1/".  the  rod  /"f  -i  ir.ii::.  i.-  u"ai-r>?d  to  the  adzr-isi:-  T^Tal 
Fije.  2li0.  A  -pira.  iprir.a  r.<.'vlr  TiL-toa  .1/  in  its  :ow*-s*  :«.^5:^aid|: 
steam  admitted  by  •;*■•  rii'.-T  'jv-r'-urn-rs  the  *priaa  K-ri.>i;r.  ^r.-: 
main  valve  from  it.-  -*-:ir.  :i.-r-'r.y  per.i.ittirite  jteam  to  kz.:~?  -_l- 
The  fulcrum  D  of  IfVtr  .4  L-  ni-*il  and  lowered  by  ti*  s:~- 
therefore  the  pilot  valve  L-  ironrroiied  both  by  the  tuot:>.>s  •:■:  1 
trie  and  the  motion  of  ':.•:  *>vt-mor.  The  eccentric  k**« 
valve,  ami  hcnw  the  main  throttle,  in  constant  OdC&atioa. 
movement  of  the  governor  ehanze*  the  limits  of  this  motior.. 


tv* 


Mr  all 


vV 


Turbin. 


orioad  is  sufficiently  great  to  cause  the  governor  balls  to  drop 
•est  position,  the  auxiliary  or  secondary  valve  V.,  Fig.  269, 
tvn  and  a Jtu its'  high-pressure  steam  to  the  later  stage  wb«t 
,*v  •vM^Cfc  steam  areas  are  greater,  thus  increasing  in  proportion  lit 
.-.-cat  w»\T  of  t:w  turbine.  The  operation  of  this  valve  is  the  same* 
•^  n*u  ^^s^ssK'U  valve  anil  is  controlled  by  the  governor.  Fig  SI 
*>.-»x  ..v  jrt*L# of  this  mechanism. 

>V  £"*  >£*■** ;Iw  p.""**™!  details  of  the  valve  gear  for  the  large uoik 

K-.w^v  i*.\v  K  *  wRliwUml  by  the  governor  and  admits  pressure  oil  to 

.•.  .\^»iiH»  •  ::vtr.  :hc  operating  cylinders.     When  oil  is  admitted  to 

•:«.  ,vn»^  .■jJsfcacr  raising  the  piston,  the  lever  C  lifts  the  prima? 

*-.\.  n     tSr*Vwr  P  move;:  simultaneously  with  C,  but  on  account 

*  *•  •*■**«,  vwawom  with  the  stem  of  the  secondary  valve  F.  * 

"*>M*"**iM\M&vSft  until  the  primary  valve  is  raised  tothep# 


s  to  be  increased  by  further  up"* 


STEAM  TURBINES  433 

In  the  smaller-sized  machines  running  above  1200  r.p.in.  flexible  bear- 
<$s  are  employed  to  absorb  the  vibration  incident  to  the  critical  velocity. 
ley  consist  of  a  nest  of  loosely  fitting  concentric  bronze  sleeves  with 
Jfficient  clearance  between  them  to  insure  the  formation  of  a  film  of 
il.  In  the  larger  machines  a  split  self-aligning  bearing  is  used  instead 
( the  flexible  bearing.  The  ends  of  the  casing  are  fitted  with  a  water- 
al  made  by  a  revolving  wheel  to  prevent  the  escape  of  steam  or  inflow 

sir  at  the  point  of  entry  of  the  shaft.  Leakage  between  dummy  or 
lance  cylinders  is  prevented  by  labyrinth  packing  which  consists 
tentially  of  a  series  of  grooves  cut  into  the  rotor  into  which  bronze 
ips  project  from  the  casing.     The  steam  in  passing  through  the 


Fio.  275.     Valve  Gear  with  Oil  Relay,  Wcstmghouse-ParsDDs  Turbine. 

eking  is  alternately  wire-drawn  and  checked  so  that  the  flow  is  greatly 

laced. 

W.  Westtnghouse  Impulse-reaction  or  Double -flow  Turbine.  —  In  re- 

tion  turbines  of  the  single-flow  type,  as  illustrated  in  Fig.  269,  the 
gh-pressure  portion  dealing  with  the  high-pressure  incoming  steam  is 
e  least  efficient.  This  is  due  to  the  fact  that  the  blade  lengths  are 
proximately  proportional  to  the  specific  volume  of  the  steam,  and 
nsequently  the  initial  expansion  in  the  turbine  requires  blade  passages 
very  small  dimensions.  This  results  in  greater  leakage  past  the  tips 
the  blades  than  in  the  low-pressure  elements  where  the  blades  are 
lg.  Again,  in  the  single-flow  type  the  high-pressure  balance  piston 
cupies  fully  one  half  of  the  total  balance-piston  length  of  the  shaft, 
l2e  the  low-pressure  piston  is  2\  times  the  high-pressure  diameter 
that  balance  pistons  occupy  a  large  portion  of  the  total  bulk  of  the 
ichine.  By  making  the  high-pressure  element  of  the  impulse  tyr " 
id  by  arranging  the  low-pressure  reaction  elements  on  either  * 
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ed  in  Fig.  276  the  efficiency  may  l>e  increased  and  the  I 

ine  may  be  great  ly  decreas  h  1 . 

!ire    two    rows    of    moving 

upon  the  impulse  wheel  with 

rmediate   set    of   reversing 

the  operation  being  practi- 

Ee  as  in  the  first  stage  of 
ine.     The  drop  in  pres- 
nuzzli's   is    such    that 
nately  20  per  cent  of 


,!    euri'tjy    i.k'wlopnl    is 

1  by  this  impulse  ele- 
After  leaving  the  im- 
plement    the     steam 

one   portion   passing 

to   the    low-pressure 
at  the  left,  while  the 
ses  through  the  hol- 
1  of  the  rotor  to  the  rf^ 
jressure  blades  upon 
t.     As  these  sections 
ill  and  symmetrical 
nmterbalanoe    each 
nd  the  balance  or 
may 
msed  with.     The 

of  the  double-flow 
■r  a  single-flow  unit  of 
parity  are:  (1 )  reduction  of 
0  per  cent  in  the  shaft 

bearings;  (2)  the  diameters 

casing  and  rotating  part 
e  uniform,  thu3  tending  to 
rigidity;  (3)  a  reduction  of 
)  per  cent  in  the  bulk  of  the 
rts  of  the  machine,  and  (4) 
stresses  due  to  high-pressure 
^-temperature    steam    are 

by    isolating  the   incoming  steam,   without   separate 


Ills-Chalmers     Steam     Turbine.  —  Fig.    277    shows    :, 

AJlis-Cb aimers  standard  steam   turbine,   which   is  of  1 
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Parsons  type  but  differs  from  the  original  Parsons  machine  and  the 
Westinghouse-Parsons  construction  principally  in  manufacturing  de- 
tails. In  the  older  Parsons  type,  three  balance  pistons  are  placed  at 
the  high-pressure  end.  In  the  Allis-Chalmers  design,  the  larger  pistoa 
is  placed  at  the  low-pressure  end  of  the  rotor,  behind  the  last  row  of 
blades,  the  other  two  remaining  at  the  high-pressure  end.-  This  con- 
struction permits  of  a  smaller  balance  piston  and  allows  a  smaller 
working  clearance  in  the  high-pressure  and  intermediate  cylinders.  Ir 
the  Allis-Chalmers  turbine  the  roots  of  the  blades  are  dovetailed  and] 
fitted  into  a  foundation  ring,  and  the  tips  are  incased  in  a  channel- 
shaped  shroud  ring,  thereby  insuring  a  rigid  and  positively  spaced  cob- 
struction.    The  governor  is  of  the  Parsons  type,  except  that  the  maa 


IP-1W 


Fiq.  27S.    Velocity  Diagram.     Westinghouse-Parsons  Turbine. 


valve  and  pilot  valve  are  actuated  by  hydraulic  instead  of  steam 
sure.    The  bearings  are  of  the  self-adjusting  ball-and-socket 
and  are  kept  " floating  in  oil"  by  a  small  pump  geared  to  the 
shaft.     The  oil  is  passed  through  a  tubular  cooler  with  water 
tion  after  it  leaves  the  bearings  and  is  used  over  and  over  again. 

229.  Elementary  Theory,    Parsons  Turbine.  —  Fig.  278  gives  a 
grammatic  arrangement  of  fixed  and  stationary  blades  in  the 
stages  of  a  multi-stage  ideal  reaction  turbine.     The  steam  enters 
stationary  blades  at  practically  zero  velocity  and  is  there 
expanded  and  impinges  against  the  movable  blades  at  velocity 
part   of  the  energy  of  the  steam   being  thus  absorbed.     In 
through  the  movable  blades  the  steam  is  still  further  expanded 
leaves  at  an  absolute4  velocity  F2,  exerting  an  additional  pressure 
the  blades  from  the  reaction.     The  steam  enters  the  second  W1 
stationary  blades  with  velocity  V2  and  is  still  further  exp&k 
velocity  TT3,  and  so  on. 
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e  energy  imparted  to  the  steam  in  the  first  set  of  stationary  blades 

El=^V?.  (157) 

absolute  velocity  of  the  steam  leaving  the  blades. 

e  energy  imparted  to  the  steam  in  the  first  set  of  moving  blades  is 

=  relative  velocity  of  the  steam  entering  the  moving  blades. 
=  relative  velocity  of  the  steam  leaving  the  moving  blades, 
e  total  energy  acquired  by  the  steam  in  the  first  stage  is 

tl\  +  E%, 
ie  energy  converted  into  work  in  this  stage  is 

E  =  EX  +  E*-  ^p-  (159) 

=    (Vl2+V22_Vl2„V22)W9  (16Q) 

29 

=  absolute  velocity  of  the  steam  leaving  the  moving  blades, 
ich  stage  may  be  analyzed  in  a  similar  manner. 
mm'ple:  A  Westinghouse-Parsons  turbine  develops  1000  horse 
*r  on  a  steam  consumption  of  12  pounds  of  steam  per  horse-power 
.  Initial  steam  pressure  150  pounds  per  square  inch  absolute;  back 
sure  1  pound  per  square  inch  absolute;  drop  in  pressure  in  each 
>f  fixed  and  moving  blades  15  pounds  per  square  inch;  peripheral 
3ity  300  feet  per  second;  «i  =  a2  =  30  degrees.  Compare  the 
>rmance  of  the  actual  and  ideal  turbine. 

*Jual  turbine: 

earn  consumed  per  hour, 

1000  X  12  =  12,000  pounds. 

earn  consumed  per  second, 

12,000  +  3600  =  3.33  pounds. 

orse  power  developed  per  pound  of  steam  flowing  per  second, 

1000  +  3.33  =  300. 

inetic  energy  per  pound  of  steam, 

300  X  550  =  165,000  foot-pounds  per  second. 

hermal  efficiency, 

Et  =  12  (1193T-  69.8)  =  18'8  per  Cent' 
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■  :!•».■«■»  ion  and  amount  and  combine  with  '/. 
""•:.    -'7^.      The   resultant    is   v*.   the  velocity 
••■     i:ui*>.     The  angle  between  i\  and  the  line 
■  \     !•    :ie  unsrie  u"ith  the  blade  at  entrance. 
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J.     ■::•:  V-  -  7.V>4  in  equation  =  158^, 
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x!     •       ■  .  ■!    "HT   -siVOIld. 

*."'■.  "lie  absolute  veloeitv  of  the  steam 


.„    ..  .^  v.i*   ir^r  <raiie.     From  the  diagram, 

-     »r*:  vet  per  <eenud. 

-.x*  -a'.tn.  :n  tb.o  Hr<t  ^tase  is  determined  by 
^.   -t.^   :»    'equation  .  lo(_b.  thus: 


■»    «»  *  \  ■. 


1  ,,-•       -«-**      1 

v<i     ■  121"  -  or:*-'  - 


■  —      .     ^   *        *  —  *        •  *  i  *j      — - — 

'«■■  *  •  t)4.4 

the  .       .  ^-i -v.;:..U  per  serond. 


st  at  i 
veloc: 


i.ia!\  xd  in  a  similar  manner. 
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The  theoretical  output  of  the  entire  turbine  per  pound  of  steam  will 

that  corresponding  to  adiabatic  expansion  from  a  pressure  of  150  to 

pound  absolute. 

E  =  778  (Hi  -  Hn) 

=  778  (1193.4  -  877.2) 

=  246,000  foot-pounds  per  second. 

Horse  power  per  pound  of  steam, 

H.P.  =  ?^?  =  444. 
550 

Steam  consumption  per  horse-power  hour, 

3600 


Thermal  efficiency, 


444  =  8.1  pounds. 
„       1193.4  -  877.2 


1193.4  -  69.8 
=  28.1  per  cent. 

The  calculation  of  Parsons  Turbines:  Zeit.  f .  Turbine,  May  10  and  20,  1912. 

230.  Low-pressure  Mixed-pressure  and  Bleeder  Turbines.  —  A  prom- 
ing  field  for  the  steam  turbine  is  in  its  application  as  a  secondary  or 
w-pressure  unit  in  connection  with  non-condensing  or  condensing 
agines,  or,  combined  with  a  regenerator,  in  connection  with  engines 
stag  steam  intermittently.  Numerous  examples  may  be  cited  showing 
reat  gains  in  both  capacity  and  economy  in  existing  power  plants 
ivolving  the  abandonment  of  but  a  negligible  part  of  the  equipment 
ad  accomplishing  this  result  with  a  minimum  additional  investment. 
ie  most  notable  installation,  to  date,  of  low-pressure  turbines  to  con- 
aising  reciprocating  engines  is  at  the  59th  Street  Station  of  the  Inter- 
Tough  Rapid  Transit  Co.,  New  York.  Three  of  the  nine  7500-kw. 
anhattan-type  compound  Corliss  engines  have  been  equipped  with 
litis  three-stage,  low-pressure  turbo-generators  of  equal  capacity,  and 
^vision  is  made  for  the  installation  of  six  additional  units.  The  low- 
eegure  turbine  is  installed  between  the  exhaust  of  the  low-pressure 
tinders  and  the  condenser  as  shown  in  Fig.  279.  Running  with  the 
Bine  the  low-pressure  turbine  generator  carries  a  variable  load  without 
Pernor  regulation.  The  turbine  generator  takes  care  of  the  speed 
automatically  taking  such  a  load  as  will  keep  the  frequency  in  unison 
fch  that  of  the  engine-driven  generator.  The  turbine  is  equipped 
th  the  usual  emergency  speed-limit  attachment  for  cutting  off  the 
*ana  supply  should  the  speed  exceed  a  predetermined  limit.  The 
tfbrmanee  of  one  set  of  engines,  a  high-pressure  turbine  of  the  equiva- 
it  total  capacity,  and  that  of  the  combined  engine  and  low-pressure 
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Unit  Lond-K.W 
o  of  Economy  Curves:   7500-Kw.  High-pressure  Turbine,  7500- Kw. 
hw  and  Combined  Engine  and  Low-pressure  Turbine  at  the  59th  Street  Station 
«•  InWrborough  Rapid  Transit  Company,  New  York. 

i  are- illustrated  in  Fig.  282.      The  conclusions  drawn  from  an 

tire  series  of  tests  at  this  station  are  that  the  addition  of  low- 

e  turbines  effected: 

a  increase  of  100  per  cent  in  maximum  capacity  of  plant. 

a  increase  of  146  per  cent  in  economic  capacity  of  plant. 

saving  of  approximately  85  per  cent  of  the  condensed  steam  ] 

to  the  boiler. 
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regenerator  consists  of  a  cylindrical  boiler-steel  shell  divided 

o  similar  chambers  by  a  central  horizontal  diaphragm,     In  each 

-talent  are  a  number  of  elliptical  tubes  A,  each  of  which  is  per- 

witli  a  number  of  f-inch  holes.     The  spaces  surrounding  the 

and,  under  certain  conditions,  the  tubes  themselves  are  filled 

■ater  to  a  height  of  about  four  inches  above  the  top  of  the  upper 

Baffle  plate  B  serves  to  separate  the  entrained  moisture  from 

cam.    The  operation  is  as  follows:    Exhaust  steam  enters  the 

KtuB  at  N,  passes  to  the  interior  of  the  elliptical  tubes,  and  escapes 

he  steam  space  through  the  perforations  and  thence  to  the  turbine. 

t  the  supply  of  steam  from  the  main  engine  eeases,  the  pressure  in 


Fie.  2S4.     Rutcau  Regeoeralor  Accumulator. 


regenerator  decreases,  the  water  liberates  part  of  the  heat  it  has 
)rbed  and  a  uniform  flow  of  low-pressure  steam  is  given  off.  The 
tinued  demand  of  the  turbine  reduces  the  pressure  in  the  accumula- 
and  causes  the  steam  still  retained  in  the  tubes  to  escape,  thereby 
attaining  the  circulation  of  the  water  (indicated  by  arrowheads)  and 
ihtating  the  liberation  of  steam.  Suitable  valves  regulate  the  limits 
pressure  in  the  accumulator  and  prevent  the  return  of  water  to  the 
in  engine. 

It  the  size  normally  installed  this  type  of  accumulator  will  furnish 
fficient  supply  of  steam  for  four  minutes  with  exhaust  entirely 
If  the  period  is  longer  than  four  minutes  it  becomes  necessary 
mit  live  steam.  Low-pressure  turbines  develop  one  electrical 
»ower  hour  on  a  steam  consumption  of  about  30  pounds  with 
il  pressure  of  15  pounds  absolute  and  a  back  pressure  of  1.5  p 
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ample:  Determine  the  weight  of  water  to  be  stored  in  a  regenerator 
>erate  a  500-horse-power  exhaust  steam  turbine  for  five  minutes 
!  steam  supply  is  entirely  cut  off;  pressure  drop  17  to  14  pounds 
ute,  turbine  water  rate  30  pounds  per  horse-power  hour. 


t  = 


W 


h  971.9 


■  187.5,     </i  =  177.5, 
5  X  250  X  968.8 


187.5  -  177.5 


-  121,100. 


■  regenerator  is  to  absorb  2000  pounds  of  the  exhaust  steam  in  five 
tes  during  a  period  of  sudden  flux, 
2000  XS 


Wt 


187.5  -  177.5 


--  193,760. 


Fig.  2SG.      Wcstinnhouac  Mixcd-pres 


w-pressure  turbines  equipped  with  special  expanding  nozzles,  or 
quivalent,  to  receive  steam  at  high  pressure  direct  from  the  boilers 
nown  as  mixed-pressure  turbines.  With  this  construction  the  full 
r  of  the  turbine  can  be  developed  with  (1)  all  low-pressure  steam, 
II  high-pressure  steam,  (3)  any  proportion  of  high-  and  low-pressure 
r.  In  the  Curtis  mixed-pressure  turbine  this  transition  from  all 
>ressure  to  .all  high  pressure,  through  all  the  conditions  intermediate 
een  these  extremes,  is  provided  for  automatically  by  the  turbine 
•nor;  a  deficiency  of  low-pressure  steam  causes  the  high-pressure 
es  to  open  automatically.  With  this  arrangement  it  is  not  neces- 
for  purposes  of  economy  to  proportion  exactly  the  low-i> 
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turbine  to  the  amount  of  exhaust  steam  available,  but  within  limits  it 
may  be  made  as  large  as  the  load  demands. 

Fig.  286  shows  the  general  details  of  a  Westinghouse  mixed-pressure 
turbine. 

Mixed-pressure  turbines  have  been  constructed  in  single  units  as 
large  as  7000  kw.     (Gen.  Elec.  Rev.,  July,  1912.) 

In  compound  condensing  engine  plants  it  has  been  general  practice 
to  draw  steam  from  the  receiver  for  heating  and  manufacturing  pur- 
poses. This  same  result  is  effected  in  the  bleeder  type  of  turbine,  through 
the  agency  of  a  pressure-controlled  valve  placed  between  the  high-  and 
low-pressure  section  of  the  turbine  and  which  automatically  diverts  the 
required  amount  of  steam  at  a  predetermined  pressure  to  the  heating 
system. 

Mixed  Pressure  Turbines  and  Engines:  Power,  Feb.  1,  1910;  Eng.  Rec.,  Feb.  19, 
1910;  Eng.  Mag.,  Apr.,  1909;  National  Engr.,  May,  1912. 
Geared  Turt/ines:  Engng.,  May  24,  1912. 
Heating  in  Connection  with  Steam  Turbines:  Power,  Sept.  17,  1912,  p.  426. 

231.  Advantages  of  the  Steam  Turbine.  —  The  principal  advantages 
of  the  steam  turbine  are:  (1)  simplicity;  (2)  economy  of  space  and 
foundation;  (3)  absence  of  oil  in  condensed  steam;  (4)  freedom  from 
vibration;  (5)  uniform  angular  velocity;  and  (6)  high  efficiencies  for  i 
large  variations  in  load.  The  reciprocating  engine  is  well  adapted  for 
pumping  stations,  direct-current  generators,  compressor  plants,  hoist- 
ing engines,  and  the  like,  requiring  low  angular  velocity,  but  its  place 
is  being  rapidly  taken  by  the  steam  turbine  for  alternating-current 
dynamos,  centrifugal  pumps  and  blowers  requiring  high  angular  ve-  i 
locity.  The  recent  development  of  high -efficiency  speed-reduction  gear- 
ing makes  it  possible  for  the  turbines  to  compete  with  the  engines  for 
low-speed  work. 

Simplicity.  —  Although  composed  of  a  large  number  of  parts  as  com- 
pared with  a  reciprocating  engine  of  the  same  capacity,  there  are  few 
moving  parts  and  rubbing  surfaces.  The  only  contact  between  rotor 
and  stator  is  in  the  main  bearings,  and  the  problem  of  lubrication  is 
therefore  a  simple  one.  The  absence  of  pistons,  stuffing  boxes,  dash 
pots,  etc.,  reduces  the  cost  of  maintenance  and  attendance  to  a  minimum 
and  limits  the  possibility  of  leakage. 

Economy  of  Space  and  Foundation.  —  The  floor  space  required  by  . 
practically  all  types  of  turbines  is  considerably  less  than  the  space  ; 
requirements  of  piston  engines.  Vertical  three-cylinder  compound  ' 
Corliss  engines  of  the  New  York  Edison  type  require  the  least  floor  • 
space  of  any  large  slow-speed  reciprocating  engines,  but  take  up  about  | 
rwee  vex  space  of  a  Parsons  turbine  installation  of  the  same  size.     With 


vj 
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1  engines  of  the  Willans  central-valve  type  the  comparative 
conomy  in  space  is  less  marked. 

The  weight  of  the  steam  turbine  is  very  small  compared  with  a  re- 
ciprocating engine  of  the  same  horse  power.  The  New  York  Edison 
Engine  and  generators  weigh  more  than  eight  times  as  much  as  a  turbine 
installation  of  equal  capacity.  The  turbine,  for  this  reason,  and  also 
□ecause  of  the  total  absence  of  vibration,  requires  a  relatively  light 
foundation.  In  many  instances  the  foundation  consists  of  steel  beams 
with  concrete  arches  sprung  between  them  resting  upon  the  floor,  and 
iBe  basement  underneath  may  be  used  for  the  condenser  instead  of  the 
■tasaive  foundation  required  for  the  reciprocating  engine.  Engines  are 
iddom  constructed  in  sizes  above  10,000  horse  power,  whereas  single 
smrbine  units  of  20,000  kw.  are  not  uncommon  and  a  Parsons  turbine 
»i  25,000  kw.  normal  capacity  is  now  being  installed  in  the  Fisk  Street 
Itation  of  the  Commonwealth  Edison  Co.,  Chicago. 

Absence  of  Oil  in  Condensed  Steam.  —  As  the  steam  turbine  requires 
to  internal  lubrication,  oil  does  not  come  in  contact  with  the  steam, 
ud  the  condensed  steam  from  the  surface  condensers  is  available  fur 
•oiler-feeding  purposes  without  purification.  In  many  cases  the  ro- 
ue of  condensed  steam  effects  a  large  saving  in  cost  of  feed  water  rmd 
Q  expense  for  maintenance  and  cleaning  of  boilers.  The  amount  of 
■trained  air  is  reduced  to  a  minimum  and  consequently  the  work  of 
ir  pumps  is  lessened. 

Regulation.  —  The  variable  pressure  at  the  crank  pin  of  a  recipro- 
Sting  engine  necessitates  the  use  of  a  heavy  flywheel  to  keep  the  in- 
s  angular  fluctuation  within  practical  limits.  In  the  steam 
j  the  motion  is  purely  rotary  and  a  flywheel  is  not  necessary. 
•>  the  former  there  are  always  instantaneous  variations  in  velocity 
bring  each  revolution,  even  with  constant  load,  while  in  the  latter  the 
(wed  is  practically  constant.  A  number  of  published  tests  of  P;ir- 
EjDs  and  Curtis  turbines  show  an  average  fluctuation  of  2  per  cent  from 
m>  load  to  full  load  and  3  per  cent  from  no  load  to  lOO-per-cent  over- 
load. Although  closer  regulation  than  this  is  possible,  it  is  not  deemed 
■cessary,  particularly  in  alternating-current  work  where  a  coinpara- 
fcvely  wide  range  is  desirable  for  parallel  operation. 

Overload  Capacity.  —  The  overload  capacity  of  any  prime  mover  de- 
Mnds  entirely  upon  the  designation  of  the  rated  load.  The  maximum 
Bonomy  of  the  average  piston  engine  lies  between  0.7  and  full  load, 
tad  for.  this  reason  the  rated  load  refers  usually  to  this  maximum  rco- 
Bmical  load.  Evidently  if  the  engine  is  rated  under  its  maximum  pos- 
Ue  output  it  is  capable  of  overload-.  Under  the  existing  system  of  rat  inji 
tie  average  piston  engine  is  capable  of  operating  with  overloads 


pos- 
ting 
i  of  _ 
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25  to  50  per  cent.  According  to  the  old  rating  the  steam  turbine  was 
capable  of  overloads  ranging  from  100  to  200  per  cent  and  much  con- 
fusion arose  in  determining  the  station  load  factor.  Current  turbine 
practice  gives  as  the  normal  rating  the  maximum  continuous  load 
which  can  be  carried  for  24  hours  when  under  control  of  the  primary 
valves.  Through  the  agency  of  the  secondary  valves  overloads  of  50 
per  cent  or  more  are  possible.  The  steam  economy  of  the  turbine  b 
superior  to  that  of  the  engine  for  overloads. 

232.  Efficiency  and  Economy  of  Steam  Turbines.  —  As  far  as  steam 
consumption  is  concerned  there  is  practically  no  difference  between 
the  performance  of  standard  high-grade  piston  engines  and  that  of 
first-class  steam  turbines  (both  using  saturated  steam)  for  sizes  under 
2000  kilowatts,  the  choice  depending  more  upon  variable  load  character- 
istics and  space  requirements  than  upon  heat  economy.  Engines  of 
the  uniflow  type  are  more  economical  in  steam  consumption  than  tiff- 
bines  of  equivalent  capacity  and  piston  engines  using  highly  suj 
heated  steam  are  decidedly  more  economical  of  fuel  than  turbi 
under  the  best  conditions  of  operation,  but  heat  economy  is  only 
of  the  items  entering  into  the  ultimate  cost  of  power.  In  a 
sense  the  turbine  gives  a  flatter  load  characteristic  with  saturated 
than  the  standard  piston  engine  *  and  for  this  reason  is  better 
to  variable  loads,  but  this  advantage  disappears  with  the  use  of 
superheated  steam.  For  sizes  over  2000  kilowatts  the  turbine  is  in 
class  of  its  own  and  piston  engines  above  this  size  are  seldom  found 
modern  stationary  practice.  A  comparison  of  Fig.  198  showing  t} 
ical  economy  curves  of  high-speed  single- valve  non-condensing  engim 
and  of  Fig.  289  showing  similar  curves  for  small  non-condensing 
bines  is  somewhat  in  favor  of  the  piston  engine,  though  the  differed 
is  small;  whereas  a  comparison  of  the  turbine  and  engine  curves 
Fig.  282,  showing  the  performance  of  very  large  units,  is  decidedly 
favor  of  the  turbine.  Any  number  of  individual  tests  may  be  ci 
showing  superiority  in  fuel  consumption  of  the  piston  engine  over 
of  a  turbine  of  equivalent  capacity  and  vice  versa,  but  when  the 
chines  an*  designed  for  the  same  operating  conditions  the  results 
practically  the  same  for  all  sizes  under  2000  kilowatts.  Tables  58  to 
give  the  general  condition  of  operation  and  the  steam  consumption 
exceptionally  good  piston  engines  of  various  sizes  and  types,  and  T: 
7o  similar  data  of  first-class  turbines.     A  studv  of  these  tables  will 

* 

that  the  choice  must   be  based  on  other  factors  than  the  steam 
sumption.     In  a  general  sense,  the  piston  engine  is  superior  to  the 
bine  for  high  back  pressures,  slow  rotative  speeds  and  heavy 
torques,  while  the  turbine  has  practically  superseded  the  engine 

*  This  applies  to  verv  large  units  only. 
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t  central  station  units  and  for  auxiliaries  requiring  high  rottti 
J.  Recent  tests  of  the  Melville  reduction  gear  (Machinery,  Fe< 
i)  show  exceptionally  high  efficiencies  for  sizes  as  large  us  ftX 
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Flo.  2S7.     Tj-pical  Performance  of  a  OO-horsc-powtr  Terry  Steam  Turbine. 

watts,  and  it  is  not  unlikely  that  the  turbine  equipped  with  this 
«  wilt  offset  the  low  rotative  speed  factor  of  the  piston  engini'. 

the  te^ts  of  steam  turbines  and  piston  engines  could  be  made  at 
o  standard  initial  pressure,  back  pressure  and  quality  or  supernal 
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„-■-«■.  could  readily  lie  made,  but  lwth  tyjjes  of  prion 

•sarieti  to  give  the  best  results  for  special  operating  cot 

-     uartod  departure  from   these  conditions  will  re«l 

yuway.     It  is  frequently  desired,   however,    to  mak  ' 


STEAM  TURBINES 


451 


iparison  between  the  economy  of  the  different  machines,  and  the 
owing  methods  are  in  vogue: 

1)  Steam  consumption  under  assumed  conditions. 

2)  Heat  consumption  per  unit  output  per  minute  above  the  ideal 
1-water  temperature. 

3)  Efficiency  ratio  or  ratio  of  actual  to  ideal. 
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Standard  Correction  Curves: 

fhis  method  for  comparing  engines  or  turbines  or  both  is  best  illus- 

ted  by  a  specific  example:    Suppose  it  is  required  to  compare  the 

-load  performance  of  a  125-kilowatt  direct-connected  piston  engine 

h  that  of  a  125-kilowatt  turbo-generator  with  operating  conditions 

follows: 


t££um.£r 

Kw.-Hour. 

Initial  P» 
sure.  Lb>. 
Absolute. 

hT 

Superb  ont, 
Deg.  F. 

25  0 
22.7 

ISO 

no 

25  5 

28.0 

ilanufacturers  of  steam  turbines  have  provided  correction  curves  as 
strated  in  Fig.  290,  showing  the  influence  of  varying  vacuum,  super- 
it  and  pressures  on  the  steam  consumption.*  From  curve  B,  we 
There  curves  are  drawn  to  a  much  larger  scale  than  the  reproduction  give 
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Cost  of  Operation. —  Data  pertaining  to  first  cost  of  operating 

-turbine  and  reciprocating-engine  plants  and  combinations  of  both 

be  found  in  Chapter  XVIII.     The  following  table,  contributed 

P*  H.  G.  Stott,  Superintendent  Motive  Power  of  the  Interborough 

■pd  Transit  Company,  New  York,  gives  an  excellent  comparison  of 

m  relative  maintenance  and  operating  costs  (to  date)  of  the  three 

ks  of  steam  power  plants  as  applied  to  large  central  stations  for 

fctric  street  railways. 

TABLE  77. 

RELATIVE    COSTS    PER    KILOWATT-HOUR.     DISTRIBUTION  OF 

MAINTENANCE    AND    OPERATION. 


Maintenance. 

*  Engine  room,  mechanical , 

&  Boiler  or  producer  room 

jjp  Coal  and  ash  handling  apparatus. 
>•  Electrical  apparatus 


Operation. 

L  Coal 

L  Water 

'•  Engine  room  labor  

L  Boiler  or  producer  room  labor 

Coal  and  ash  handling  labor. . . 

Ash  removal 

Electrical  labor 

Engine  room  lubrication 

a  Engine  room  waste,  etc 

{  Boner  room  lubrication,  etc. . . 


Reciprocating 
Steam 
Plant. 


2.59 
4.65 
0.58 
1.13 


61.70 
7.20 
6.75 


7 
2 


20 

28 


Belative  operating  cost,  per  cent. 

Relative  investment,  per  cent  . . . . 

)r  Probable  average  cost  per  kw 

»    Probable  fixed  charges 


1.07 
2.54 
1.78 
0.30 
0.17 


100.00 
100.00 
125.00 
11% 


Steam 

Turbine 

Plant. 


0.51 
4.33 
0.54 
1.13 


55.53 
0.65 
1.36 
6.74 
2.13 
0.95 
2.54 
0.35 
0.30 
0.17 


Reciprocating 

Engines  and  Low* 

pressure  Steam 

Turbines. 


?7.23 
75.00 
93.75 
11% 


1.55 
3.55 
0.44 
1.13 


46.48 
0.61 
4.06 
5.50 
1.75 
0.81 
2.54 
1  02 
0.30 
0.17 


69.91 

80.00 

100.00 

11% 


or  steam-turbine  plants  larger  than  60,000  kilowatt  the  cost  per  kilo- 
att  may  be  reduced  to  $65.00. 

Influence  of  Superheat.  —  The  use  of  superheated  steam  in- 
the  economy  of  the  reciprocating  engine  about  1  per  cent  for 
*Bry  10  to  20  degrees  of  superheat,  depending  upon  the  conditions  of 
deration,  the  gain  being  clue  mainly  to  the  reduction  of  cylinder  con- 
Bnsation.  Cylinder  condensation  is  reduced  not  only  because  of  the 
Bcess  heat  available  for  the  evaporation  of  moisture  but  also  because 
Iperheated  steam  has  a  lower  conductivity  than  wet  steam,  and  less 
Bat  is  given  up  to  the  cylinder  walls  for  the  same  difference  of  tem- 
firature.  In  the  steam  turbine  this  difference  of  temperature  is  much 
er,  since  high-  and  low-pressure  steam  do  not  alternately  cor 
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™"    ~    —   ~-r    ^:--r  -un^.~  ia  _^  rat-  .ia.s*r  "vith  the  r^iproeaiipj 

1:1 "     -^:  "--■*  "-'-'--    ■-    -  ■r.T^.i-":  >  ■•liii^iiifr-rj.i.r."  less.  «i*r  to  :h?  oom- 

-r  "  "       --—    '■■:••■:"*--.       *  .:ii   i   v-ii--.^gMi  casing,  ther-f.jre.  the 

*"--■"--"-   -    ■  --  "■■   "  *->    ■::■---  --  :n.-r:inurl«-:i:i!:  eonipaxeil  *ximj±  that  of 

:..--..  .-.--  —   -r.^n-.   ^\>.i  \ir   .eiirrii-iiii  -rf-t;:.  uf  ^^p^rhe^t  is  muck 

"."  .:■   ji—l.     _-  t  ■"■:<■::    >r  ~-f  -r -:L:ii.  'v::irh  in  the  r^.-ippxstiBg 

— .-    ?   .--^i^:    •-.   -mi   v.-.:?::  y;^v    p  i  ^nr'-e  of  eon-idora:  ie  l^-sin 

"  — "   --     s  ^t,-.l::"    *'-:":■■■•-:     T_  Me   ;.-♦-  ■  f  -jiiperheate:  -rr^i.  ±s  is 

--      "'~  :— :-L  '   ■  ^s   :">  '•■  *::»-  rand  r-v...[-;riori  of  the  wL-^ii 

-■     "7*     .-r_     :    ■*-:r..:r-r     ::  r.i:ir:«  n  >  -H.-rLetiru^  a  •  liniciLi  -»r:r in 

—  ■■-"•  r-  Lv~-:  .  -iir.  :i-jr—    r  ~;::>-r::i-:r.  arM  truuMei:?  fr-nju^tir 

ft  i 

■■■""  .■--.  — :    .".:■■■  ■■■  ":.-.-   ^:-:-:::.   -xran.-ii  r.    t  ti>-  metal.     In  tii-  ?t«m 
:i.    "_     _*•■ .-  :~.-,l.*"'  .2-  .!•  r  -■  ~r  m  «;r.ee«i  arji  no  internal iu'-ries- 
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— ■   •.    -.  >"*:r-.      i.--.L^:.::ir  ~ilt'-:;-    uiia!  arie  expansion,  the  steam 

-*"--..:  .i:*ji   y  :::  "-'»-"    '»  iu:«:s  -•:   L  pi  ihliI  absolute  would  have  to  be 

-—v-.:-.."--  ■. » * •  ■ :  i r  ". ■  •(  '• '   :•  ■  'ZT* •*■  *  ? -  ■  '£■ "■":::£  * h».-  s r rain  an  act ual  tempera- 

^  v  issc"*---  I""      A  -r-ji.      f  *..£_.-  1 i»  t^ts  made  in  thi? country 

•—    .„■■  -:  «L~«     irsjr-"*  -;:p-r:>a:  as  :i  riiaximiini  an«l  1<X)  degree?  to 

/-■c**-**  y     «*    i*-    i",ira:iK     r."   E::r'-p^  r^'innx^ating  engines  are 

-   -  .^  -.-  ■■   *-.■■•-:■■;■    -.-    .:i::"    -  t"'1  ■^■l;ri-«*  F.  :tini  turl'ine>300 

—  •  -  "*"■      :«:■■■*■.  ;:.:!  ?.:;-•:  .•::■:  ■  '"TV:*::^  «.-M<rs  i..f  <nj>erheating 
*»           ■   -^  ■.;  •*•:    :\    ■»  r  rv  :*:.:_i  :h-  :.--r  ciir..  <in<.-e  the  decreased 

■  --i,:-  •    ■   •    >.  !>■■•":  [■"»■>*■:.-  m':.r  :u-fi:ii  living.     With  pre?* 
■  ^  \  .:•■:>  ^-i  :•«?      r  "• -- *.  ::::■!  !i-«r  t«.«  ^X'.^Vf.i  200  degree*  F. 

—  - -.  ■       ■  .     :*      i't."    "j.^  :*■.  ::.•■-•   i-::.*^  prijvr-tl  a  substantial  one. 

?j  v  *    ■  •;•*"•:':-■>  :."/\  v-r* -<;;r»->  th»-  rn<t  of  maintaining  the 
^    -  •  -    -  .■     ■:  "*-•>*■  -  .-«■  -.-.:':•  i!y  t!i:iii  tin-  -aviim  in  strain  consump- 

n  ■*■;••"■■■. ;   "•■•  ■_-.* >:ii I  whieh  nu  advantage  is  gainnl- 
^   ^      ^*^.  ■  ■ :    ::    V^    I'C       From  j):ip<-r  n-:ul  hv  E.  D.  Dreyte 

^      -    »...  ■»-*       ■■..■.•!  r::>:-i;rdi.  M:iy  20.  1H10."> 

^-^  Wiwi  a  •*%  Vmiu.    -The  ])usm1>1<>  economy  of  the  recip- 

^    -— -    "*»c* -.::*■   "^'^rietol  l»y  its  limited  range  of  expansion. 

*-^   >.-.-.\.     k    vr:d:LtVIy  designed   to  accommodate  the  rapid 

->^   .    -.-     ■■lU-t  ;t  !st;;i:i  \\\w\\  expanded  to  very  low  pressures. 

c>.   -..     ->  s.*\v;f;  wt".i:iie  ^\  1  pound  of  steam  under  a  vacuum 

%    .  »^    -  -~-*v.  %*  .*.  30-ittoh  barometer)  is  about  (>07  cubic  feet, 

•^  -.vcjr:.-;  under  a  vacuum  of  28  inches.     Usually 

-     „:  ^  v  -W-.VV  y*  a  "pwaaire  of  0  or  .S  jxHinds  absolute  and  eon- 

i     —^  ^.  -    -  ^*?wtj.  v^A««w  ^^t:?  w^h  vari«ms  degrees  of  superheat  we 
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lently  a  large  proportion  of  the  available  energy  is  lost.  The  lower 
uum  in  the  exhaust  pipe,  therefore,  serves  only  to  diminish  the  back 
wire  and  does  not  affect  the  completeness  of  expansion.  Even  if  it 
«  practical  to  expand  to  1  pound  absolute,  the  increased  condensa- 
1  in  the  reciprocating  engine  would  offset  any  gain  due  to  expansion 
ess  the  steam  were  highly  superheated.  A  study  of  a  number  of 
is  of  reciprocating  engines  shows  a  slight  improvement  due  to  in- 
asbg  the  vacuum  beyond  26  inches.     Tests  of  steam  turbines  show 
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Su  perlici  it  -  Detf.  Fuhr. 
Fio.  292.     Influence  of  Superheat  on  Overall  Economy  of  Operation. 

tcrease  of  3  to  4  per  cent  in  steam  consumption  for  each  inch  increase 
racuum  between  25  and  29  inches,  for  with  a  well-lagged  casing 
ider  condensation  is  practically  absent,  since  the  high-  and  low- 
perature  steam  do  not  alternately  come  in  contact  with  the  metallic 
ices  as  is  the  case  with  the  reciprocating  engine, 
ace  the  volume  of  the  steam  increases  very  rapidly  with  the  decrease 
ick  pressure  the  corresponding  capacity  and  power  required  by  the 
ind  circulating  pumps  becomes  proportionately  larger.  There  is 
equently  a  point  where  the  improvement  in  steam  economv  f» 
tceed  the  increased  power  demanded  by  the  auxiliaries. 
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Vacuum  at  turbine  exhaust 
•'30  inch  baro  me  tor 

Flo.  l^i.'i.       Influence  of  Vacuum  <>u  Power. 

":;d  reduction  at  the  turbine. 
■  •  reduction  in  plant  fuel  consumption. 
,  :..:<ri  cost  (greater  fixed  charges  and  maintenance)  of  ol 
x  ::.e  higher  vacuum. 
,  ;\.-:;t  improvement. 

%u  modeless  Turbine.  —  Fig.  29 1  shows  a  section  thi 
vr-.-vw^r  experimental  turbine  designed  by  Nikola  Tcsl 

■\-;;;r;:  vlnims  have  been  made.  It  consists  of  a  rfctor 
*  •  N'av'.  vi>ks  (.each  -fa  inch  thick  and  arranged  on  th\ 

•  V*  *..»;* '".  ot  the  shaft  covered  by  the  disks  is  approxi: 
/  ivw\\:u^  in  a  plain  cylindrical  casing.     There  are  n< 
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■  vanes  and  the  viscosity  and  adhesion  of  the  steam  is  depended 
r  driving  the  rotor  instead  of  impulse  and  reaction  as  in  the 
I  type  of  turbine.  Steam  flows  from  the  circumference  to  the 
md,  when  the  rotor  is  at  rest,  flows  by  a  short  curved  path,  as 
i  by  the  line  in  the  end  view,  across  the  face  of  the  disk.  When 
•  is  up  to  speed  the  steam  passes  to  the  exhaust  in  a  spiral  path 
to  16  feet  in  length.  Since  the  direction  of  rotation  is  deter- 
ilely  by  the  direction  of  the  entering  jet  it  is  only  necessary  to 
he  direction  of  the  latter  to  effect  complete  reversal  of  the  rotor. 
a  states  that  a  200-horse-power  turbine  of  this  type  has  attained 
mance  of  38  pounds  per  horse-power  hour,  initial  pressure 
ids  gauge,  atmospheric  exhaust,  9000  r.p.m.  (Prac.  Engineer, 
>ec,  1911,  p.  852.)     The  space  occupied  by  this  unit  is  only 


Fro.  294.      Tola  Bladcleas  Turbine. 
■  3  feet  and  2  feet  high  and  the  weight  of  the  engine  alone  is 

per  horse  power  developed.     If  the  development  of  the  future 
t  Mr.  Tesla's  prediction  this  type  of  prime  mover  will  revo- 

the  steam-turbine  industry.     At  this  writing   (Nov.    1912), 

very  little  information  is  available  concerning  the  present 

this  apparatus. 

iptro"  Turbine.  —  Fig.  295  gives  the  general  details  of  a  new 
team  motor  which  is  a  sort  of  compromise  between  the  rotary 
ad  the  steam  turbine.  It  consists  essentially  of  a  pair  of 
me  gears  revolving  in  a  twin  cylindrical  casing.  Steam  enters 
Fifj.  2!>.">,  through  ports  pp  and  presses  upon  the  gear  teeth, 
hem  forward.  The  volume  is  increased  from  that  indicated 
fiat  shown  at  b,  c,  d,  c,  and  /  and  the  energy  produced  is  the 
if  the  pressure  and  volume.  Exhaust  occurs  when  the  er  " 
joves  in  which  the  action  lies  pass  the  line  of  contact  ar 


460  STEAM  POWER  PLANT  ENGINEERING 

they  are  no  longer  closed  by  the  teeth  of  the  opposite  gear.  Roti 
is  effected  by  both  pressure  and  impulse,  although  no  attempt  is  i 
to  produce  a  considerable  pressure  drop  between  the  steam  chest 
the  admission  pressure.  The  load  may  be  varied  by  throttling  or  bj 
cutting  off  the  steam  supply.  The  "Spiro"  is  built  in  various 
ranging  from  1  to  200  horse  power  and  operates  at  2000  to  3000  r.jiJi 
The  following  tests  give  an  idea  of  the  economy  effected  by  IhU 
of  motor.     (Power,  Feb.  6,  1912,  p.  188.) 


Boiler  pressure,  pounds  gauge 

Inlet  pressure,  pounds  gauge 

Back  pressure,  pounds  gauge 

Horse  power  developed 

R.p.m 

Steam,  pounds  per  horse-power  hour 


101  5 

Attn  os. 
25  3 


Fiu.  295.     The  ™  Spiro "'  Turbine. 


CHAPTER  XI. 

CONDENSERS. 

General.  —  A  pound  of  dry  steam  at  atmospheric  pressure  (29.92 
iches  mercury)  occupies  a  volume  of  26.79  cubic  feet.  Suppose 
lese  26.79  cubic  feet  of  steam  were  contained  in  a  closed  vessel,  and 
lat  the  steam  was  subsequently  condensed  and  its  temperature  lowered 
y  suitable  means  to,  say,  110  degrees  F.  Thq  condensed  steam  would 
3cupy  only  about  T7Vu  of  its  original  volume,  and  the  pressure  would 
ill  to  2.59  inches  of  mercury,  the  latter  pressure  being  due  to  the  ten- 
on of  the  aqueous  vapor  at  the  given  temperature.  That  is  to  say, 
le  best  vacuum  theoretically  attainable  under  the  given  conditions 
ould  be  29.92  —  2.59  =  27.33  inches.  The  lower  the  temperature  to 
'hich  the  condensed  steam  is  reduced  the  more  nearly  perfect  will  be 
le  vacuum  attained. 

If  air  is  mixed  with  the  steam  the  vacuum  will  be  still  more  imperfect, 
lius,  suppose  the  vessel  to  contain  one  pound  of  steam  and  one-tenth  of 

pound  of  air  under  atmospheric  pressure.  The  volume  of  the  closed 
essel  in  this  case  must  be  26.79  +  1.69  =  28.48  cubic  feet.  (1.69 
B  volume  of  tV  pound  of  dry  air  at  212  degrees  F.  and  29.92  inches  of 
icrcury  pressure.) 

After  the  steam  has  been  condensed  and  its  temperature  reduced  to 
10  degrees  F.  the  absolute  pressure  in  the  condenser  will  be  4.1  inches, 
lus: 

According  to  Dalton's  Laws:  (1)  The  mass  of  a  given  kind  of  vapor 
squired  to  saturate  a  given  space  at  a  given  temperature  is  the  same 
hether  the  vapor  is  all  by  itself  or  associated  with  vaporless  gases; 
i)  the  maximum  tension  of  a  given  kind  of  vapor  at  a  given  temperature 

the  same  whether  it  is  all  by  itself  or  associated  with  vaporless  gases; 
I)  in  a  mixture  of  gas  and  vapor  the  total  pressure  is  equal  to  the  sum 
f  the  partial  pressures.  The  final  pressure  Pc  in  the  vessel  is  therefore 
xe  combined  pressure  of  the  air  Pa  and  that  of  the  water  vapor  PV)  or, 
isuming  complete  saturation, 

Pc  =  Pa  +  Pv  (163) 

id  the  final  volume  of  the  entrained  air  Va  will  be  that  of  the  vessel, 
hich  in  the  specific  case  under  consideration  is  Va  =  Vc  =  28.48 
ibic  feet. 
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The  final  pressure  of  the  air  in  the  vessel  may  be  calculated  from  the 
well-known  physical  law 

-y—  =  -y—'  (164) 

in  which 

Pi  and  Pa  =  absolute  pressures  corresponding  to  absolute  tern- 

.  peratures  T\  and  Ta; 
V\  and  Va  =  volumes  corresponding  to  absolute  temperatures 

Ti  and  Ta. 

Here  Pi  =  29.92     Vx  =  1.69     Tx  =  460  +  212  =  672, 

Va  =  28.48    T«  =  460  +  110  -  570. 

Substitute  these  values  in  equation  (164) 

29.92  X  1.69  _  Pa  X  28.48 

672  570 

from  which  Pa  =  1.51. 

The  final  pressure  in  the  vessel  is,  equation  (163), 

Pc  =  1.51  +  2.59  =  4.1  inches  of  mercury. 

Example:  If  the  absolute  pressure  in  a  condenser  is  4  inches  of  mer- 
cury and  the  temperature  of  the  air-vapor  mixture  is  100  degrees  F., 
required  the  percentage  of  air  by  weight  in  the  mixture. 

From  steam  tables  the  pressure  of  vapor  corresponding  to  a  tem- 
perature of  100  degrees  F.  is  1.93  inches  of  mercury. 

Hence,  from  equation  (163), 

Pc   =  Pa  +  Pv, 
4     =  Pa  +1.93, 
Pa   =  2.07. 

Let  V  =  volume  of  the  condenser  chamber,  cubic  feet. 
Then  0.00285  V  =  weight  of  vapor  in  the  chamber  (0.00285  =  den- 
sity of  water  vapor  at  100  degrees  F.),  and 

0.08635  X  Jj^  X  4jjjj^Jrt  V  =  0.00491  V  =  weight  of  dry  air  in  the 

•haniber.     (,0.08635  =  density  of  air  at  0  degrees  F.  and  29.92  inchesof 
-rury  pressure.) 
T-ie  ~otal  weight  of  the  mixture  is 

0.00285  V  +  0.00191  V  =  0.00776  Tr, 


-.*  -■- «. 


of  air  in  the  mixture  i 
100491  I 


>.tW776l 


-  =  0.632  or  03.2  jht  cent. 
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[n  practice  air  is  always  present  in  exhaust  steam.    A  condenser  is  a 

vice  in  which  the  process  of  condensation  fl,nd  subsequent  removal  of 

5  air  and  condensed  steam  is  continuous,  the  degree  of  vacuum  obtained 

pending  upon  the  tightness  of  valves  and  joints,  the  quantity  of  en- 

lined  air,  and  the  temperature  to  which  the  condensed  steam  is  reduced. 

The  degree  of  vacuum  may  be  expressed  in  different  ways.     (1)  Ex- 

ss  of  the  atmospheric  pressure  over  the  observed*  vacuum.    For 

ample,  a  26-inch  vacuum  implies  that  the  pressure  of  the  atmosphere 

26  inches  of  mercury  above  the  pressure  in  the  condenser.     (2)  Per 

nt  of  vacuum,  by  which  is  meant  the  ratio  of  the  observed  vacuum  to 

e  atmospheric  pressure.    Thus,  with  the  barometer  standing  at  30 

26 
ches,  a  vacuum  of  26  inches  may  be  expressed  as  100  X  «^  =  86.6 

t  cent  vacuum.  This  method  of  expression  gives  an  ideat  of  the 
iciency  of  the  condensing  system.  For  example,  the  degree  of 
tcuum  indicated  by  26  inches  would  be  93  per  cent  with  a  barometric 
•essure  of  28  inches  but  only  84  per  cent  when  the  barometer  reads 

inches.  (3)  Absolute  pressure.  Thus  a  26-inch  vacuum  referred  to 
30-inch  barometer  would  be  indicated  as  a  pressure  of  30  —  26  =  4 
ches  absolute,  or  1.99  pounds  per  square  inch. 

The  mean  atmospheric  pressure  at  sea  level  is  14.7  pounds  per  square 
ch,  corresponding  to  a  mercury  column  29.92  inches  in  height,  tem- 
jrature  of  the  mercury  32  degrees  F.  If  the  reading  of  the  vacuum 
uige  and  of  the  barometer  are  both  corrected  to  32  degrees  F.,  the 
fference  gives  the  absolute  pressure  in  inches  of  mercury.  This  is 
le  usual  method  in  average  scientific  investigations.  In  condenser 
■actice  it  is  customary  to  refer  the  readings  of  the  vacuum  gauge  to  a 
Mnch  barometer  in  which  case  it  is  necessary  to  increase  the  standard 
mperature  of  the  mercury  to  such  a  figure  as  will  increase  the  height 

the  mean  barometer  from  29.92  to  30  inches,  viz.,  58.4  degrees  F. 
bus,  if  the  barometer  and  the  vacuum  gauge  readings  are  corrected 

a  temperature  of  58.4  degrees  F.,  the  difference  between  the  figures 
ill  give  the  absolute  pressure  in  inches  of  mercury  at  58.4  degrees  F., 
id  if  the  figure  is  subtracted  from  30  inches,  it  will  give  the  inches  of 
cuum  referred  to  a  standard  barometer  of  30  inches. 
The  mercury  column  correction  for  any  change  in  temperature  may 

closely  approximated  by  the  equation 

h  =  hx[l  -0.000101  (h  -$)], 
which 

h  =  height  of  mercury  column  corrected  to  temperature  t; 

hi  =  observed  height  of  mercury  column; 

ti  =  observed  temperature  of  mercury  column; 

t  =  temperature  to  which  column  is  to  be  referred. 
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Example:   Height  of  mercury  in  vacuum  gauge  28.52  inches,  tem- 
perature of  mercury  80  degrees  F.,  barometer  29.85  inches,  temperature 
42  degrees  F. ;  determine  the  vacuum  referred  to  a  30-inch  barometer. 
For  the  vacuum  gauge 

h  =  28.52  [1  -  0.000101  (80  -  58.4)] 
=  28.46. 

For  the  barometer 

h  =  29.85  [1  -  0.000101  (42  -  58.4)] 
=  29.9. 

Absolute  pressure  in  inches  of  mercury  at  temperature  58.4  degrees  F. 
=  29.9  -  28.46  =  1.44. 
Vacuum  referred  to  30-inch  barometer  =  30  —  1.44  =  28.56. 

Properties  of  Air  and  Steam  Mixtures  in  Relation  to  Condensing  Plant:  Engng.,  Jan. 
19,  1912. 

The  Influence  of  Air  on  Vacuum  in  Surface  Condensers:  Engng.,  Apr.  17, 1908; 
Power,  Feb.  2,  1909,  p.  235;  Nov.  22,  1910;  Jour.  A.  S.  M.  E.,  Nov.,  1912. 

Properties  of  Dry,  Saturated  and  Unsaturated  Air:  Jour.  Frank.  Inst.,  Feb.,  1911. 

Z4$.  Function  of  the  Condenser.  —  The  function  of  a  condenser  in 
connection  with  a  steam  engine  or  turbine  is  primarily  the  reduction  of 
back  pressure,  though,  in  some  instances,  notably  in  marine  work,  the 
recovery  of  the  condensed  steam  may  be  of  equal  importance.  The 
advantages  to  be  gained  by  decreasing  back  pressure  may  be  most 
readily  illustrated  by  the  following  example:  A  non-condensing  engine 
taking  steam  at  a  pressure  of  100  pounds  absolute  and  cutting  off  at 
one-quarter  stroke  will  have,  theoretically,  a  mean  effective  pressure 
on  the  piston  of  44.6  pounds  per  square  inch,  the  back  pressure  being 
14.7  pounds  per  square  inch  absolute.  If  the  engine  exhausts  into  a 
condenser  against  a  26.5-inch  vacuum  (1.7  pounds  absolute)  the  mean 
effective  pressure  will  be  increased  to  44.6  +  (14.7  —  1.7)  =57.6 
sounds  per  square  inch,  resulting  in  a  gain  in  power  which  may  be 

-prised  p  is 

H•P•=33Voo,  (165) 

^p   =  horse  power  gained ; 

?   =  eduction  in  back  pressure,  pounds  per  square  inch; 

-  ir-a  of  the  piston  in  square  inches; 
*"-  =  -^=coc  <peed  in  feet  per  minute. 

-  -  =  ^^^  Active  pressure  on  the  piston  when  running  non-con- 

o£  increase  of  power  may  be  expressed 

Ftor  cent  =  1 00  £■  •  (166) 
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In  the  above  example  the  percentage  of  power  gained  would  be 
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100 


13 
44.6 


=  29.2  per  cent. 


The  actual  gain  due  to  the  use  of  the  condenser  would  be  much 

ss  than  this,  depending  upon  the  type  of  engine  and  conditions  of 

aeration,  as  shown  in  the  results  of  engine  performances  o.utlined  in 

hapter  X. 

TABLE  78. 

RES8URE  OF  AQUEOUS  VAPOR  IN  INCHES  OF  MERCURY  FOR  EACH  DEGREE  F. 

(Marks  and  Davis.) 


0° 

1° 

2° 

3° 

4° 

5° 

6° 

8° 

9° 

10° 

.180 
.268 
.390 
.560 
.790 
1.10 
1.51 
2.04 
2.74 
3.63 
4.76 
6.18 

.188 
.278 
.405 
.580 
.817 
1.13 
1.55 
2.11 
2.82 
3.74 
4.89 
6.34 

.195 
.289 
.420 
.601 
.845 
1.17 
1.60 
2.17 
2.90 
3.84 
5.02 
6.51 

.203 
.300 
.436 
.622 
.873 
1.21 
1.65 
2.24 
2.99 
3.95 
5.16 
6.67 

.212 
.312 
.452 
.644 
.903 
1.25 
1.71 
2.30 
3.07 
4.06 
5.29 
6.84- 

.220 
.324 
.468 
.667 
.964 
1.30 
1.76 
2.37 
3.16 
4.17 
5.43 
7.02 

.229 
.336 
.486 
.690 
.996 
1.33 
1.81 
2.44 
3.25 
4.28 
5.58 
7.20 

.238 

10° 

50° 

.248 
.362 
.522 
.739 
1.03 
1.42 
1.93 
2.60 
3.44 
4.52 
5.88 

.257 
.376 
.541 
.764 
1.06 
1.46 
1.98 
2.66 
3.53 
4.64 
6.03 

.349 
.503 

80° 

ro° 

10° 

.714 
1.03 
1.37 

H*° 

1.87 

10° 

2.51 

10° 

3.34 

10° 

4.40 

10° 

5.73 

10° 

7.38 

"With  steam  turbines  the  advantage  gained  by  reduction  of  back 
measure  is  more  marked  than  with  the  reciprocating  engine,  though 
leoretically  the  same  for  the  same  range  of  expansion.  Initial  con- 
jugation, leakage  past  valves,  and  other  sources  of  loss  prevent  a 
eiprocating  engine  from  benefiting  from  a  good  vacuum  to  the  same 
Aent  as  a  turbine. 

Referring  again  to  the  example  given  above,  if  the  steam  is  cut  off  at 
Knit  one-sixth  stroke,  the  work  done  when  running  condensing  will  be 
<e  same  as  when  running  non-condensing  and  cutting  off  at  one-quarter, 
theoretically  the  steam  consumption  will  be  decreased  nearly  in  pro- 
Krtion  to  the  reduction  in  cut-off.  Generally  speaking,  a  condensing 
Igine  will  require  from  20  to  30  per  cent  less  steam  for  a  given  power 
wax  a  non-condensing  engine.  (See  results  of  engine  tests,  paragraph 
©.)  This  decrease  in  steam  consumption  is  only  an  apparent  one. 
steam  is  used  by  the  auxiliaries  in  creating  the  vacuum,  the  amount 
Ust  be  added  to  that  consumed  by  the  engine,  unless  the  steam  ex- 
Aisted  by  the  former  is  utilized  to  warm  the  feed  water,  in  which  case 
\My  the  difference  between  the  heat  entering  the  auxiliaries  and  thaf 
burned  to  the  heater  should  be  charged  against  the  engine.    The  paw 


.1.^:  iv  -:tjbI 


._ .  ■-'_-: :     '  "  -j_^    jt-  \_i.-n   .-  :l  raiv 
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-  ■     i 


A-rfiS. 

Jj>reer. 

'   >"rl«?r. 
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.  r":*.'he. 
r-cmell. 


m    »    -^^*  ■ 

■  -.,-_■■  r~     zl  t:u  .".  *!:.•:  ***-:i;:i  arid  rooiir.a  "s-i^r  mingle  and 
.__-   ^  .  -.i-c^-i  ':;."  i:r — :-r  '.-m.'.mh.  Fig-.  200  to  ->.v3. 
„  _.c.    -".i-.--s.  iz.  "ST.ich  t:.'-  -team  and  eooiir.z  medium  are 
, .   ,-.:r  -^1^  jji-i  :i~  hr-at  i.i  abstracted  from  the  *team  by  con- 

...  .^-^ir.-^  ti^-r  -*r  further  grouped  into  two  classes,  according  to 
-.  w  ;.:  :ir  air  and  cooling  water: 

_     _-.-*-t-  -■*■■  :V ':■'?*■  r.<,  in  which  the  condensed  steam,  cut" 

.    j.  *,:cr  ~  the  sarins  directum,  collect  at  the  bottom d 

^_r    ...j^-vr  i=.d  are  exhausted  by  a  suitable  pump,  Fig.2ft 

.^..— !.;  ?v.i€n&rs,  in  which  the  cooling  water  and  coo- 

-fc__  ,  .«■  —  d  the  bottom  of  the  chamber,  while  the*** 
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rallel-current  condensers  may  be  subdivided  into  three  classes: 

Standard  condensers,   in   which   the   cooling   water,    condensed 
i,  and  air  are  exhausted  by  a  vacuum  pump,  Fig.  296. 
>  Siphon  condensers,  in  which  the  cooling  water,  condensed  steam, 
air  are  exhausted  by  a  barometric  column,  Fig.  299. 
)  Ejector  condensers,  in  which  the  condensed  steam  and  air  are 
usted  by  the  cooling  water  on  the  ejector  principle,  Fig.  300. 

rface  condensers  may  be  classified  according  to  the  nature  of  the 

ng  medium  as 

)  Water-cooled  condensers. 

)  Air-cooled  condensers. 

!  Evaporative  condensers,  in  which  the  condensation  of  the  steam  is 

ght  about  by  the  evaporation  of  a  fine  stream  of  water  trickling  on 

>utside  of  the  tubes. 

.  Standard  Low-vacuum  Jet  Condensers.  —  Fig.  296  shows  a 
m  through  a  Worthington  jet  condenser,  illustrating  the  parallel- 
snt  principle.  When  the  pump  is  started  a  partial  vacuum  is 
ed  in  the  suction  chamber  above  the  valves  H ,  H  in  the  cone  F . 
K>n  as  sufficient  air  has  been  exhausted,  cooling  water  enters  at  B 
a  velocity  depending  upon  the  degree  of  vacuum  in  chamber  F 
he  suction  head,  and  is  divided  into  a  fine  spray  by  the  adjustable 
bed  cone  D.    The  spray  mingles  with  the  exhaust  steam  entering 

and  both  move  downwards  with  diverse  velocities.  The  steam 
up  its  heat  to  the  water  and  condenses.  The  velocity  of  the  steam 
ushes  in  its  downward  path  to  zero,  while  the  velocity  of  the  water 
ises  according  to  the  laws  of  falling  bodies.  The  condensed  steam, 
ig  water,  and  air  collect  at  the  lower  part  of  the  condenser  and  are 
isted  by  the  wet  air  pump  G,  from  which  they  are  forced  through 
ng  J  to  the  hot  well.  The  vacuum  in  chamber  F  will  depend  upon 
apor  tension  of  the  warm  water  in  the  bottom  of  the  well,  the 
nt  of  air  carried  along  by  the  cooling  water  and  steam,  and  the 
less  of  valves  and  joints.  In  case  the  water  accumulates  in 
ondenser  cone  F,  either  by  reason  of  an  increased  supply  or  by  a 
ishness  or  even  stoppage  of  the  pump,  the  condensing  surface  is 
ed  to  a  minimum,  as  soon  as  the  level  of  the  water  reaches  the 

pipe  and  the  spray  becomes  submerged,  and  only  a  small  annular 
*e  of  water  is  exposed  to  the  exhaust  steam.  The  vacuum  is 
diately  broken,  and  the  exhaust  steam  escapes  by  blowing  through 
ijection  pipe  and  through  the  valves  of  the  pump  and  out  the  dis- 
e  pipe  at  J,  forcing  the  water  ahead  of  it;  consequently  flooding  of 
jeam  cylinder  cannot  occur.     In  starting  up  the  condenser  a  parti 
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vacuum  for  inducing  a  flow  of  injection  water  iato  the 
ber  may  l>e  created  by  the  pump  if  the  suction  lift 
Many  engineers,  however,  prefer  to  install  a  small  f< 
priming  pipe  the  function  of  which  is  to  condense  si 
produce  the  necessary  partial  vacuum. 


— V7  shows  a  section  through  the  condensing 
■:  i  Blake  vertical  jet  condenser  with  an  au 
■zx.  'Jt^jx.  The  injection  water  enters  at  openii 
i»i  *jw*  through  the  adjustable  "spray"  nozz 
■-yes  ■:  ihuut  43  degrees,  and  impinges  on  the  e 
-  ^.i-^fser  ihamlnT.  The  spray  falls  from  the 
*^--*sfc  awn  in  the  illustration.     The  ledges  ; 
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rig  directly  to  the  bottom  of  the  chamber  and  insure  an  efficient 
of  steam  and  cooling  water.  A  perforated  copper  plate  is 
ed  for  the  shelves  when  the  force  of  the  injection  water  is  not 
to  produce  spray.  The  circulating  water  and  condensed 
gethcr  with  the  non-condensable  gases  are  drawn  off  at  the 
f  the  chamber.  The  vacuum-breaking  device  is  shown  at  the 
he  figure.     When  the  rising  water  reaches  the  level  of  the  float 


Fio.  297.  Section  through  a  Blake  Jet  Condenser, 
as  in  the  case  of  an  accidental  stoppage  of  the  air  pumps,  the 
ised  and  forces  a  check  valve  from  its  seat  and  allows  an  inrush 
break  the  vacuum,  thus  preventing  further  suction  of  water 
ondenser  ;tnd  consequent  flooding  of  the  engine.  A  is  the  forced 
or  "priming"  inlet  used  in  starting  up  when  the  suction  lift  is 
bio. 
alion  of  Steam:   Oassier's  Ma«.,  May,  1912;   June,  1911. 

urface  Condenser*:     Power,  March  21,  1911,  p.  443;    Eogr.,  Load., 


HO. 


■   Power,  March  19,  1912. 


CONDENSERS 


471 


dently  the  higher  the  temperature  of  the  discharge  water  the  less 
*  the  quantity  of  cooling  water  required,  and  consequently  the 
;r  the  weight  of  air  introduced  into  the  condenser;  but  the  warmer 
scharge  water  the  greater  will  be  the  vapor  tension  and  the  lower 


18.     Curves  showing  Relatioi 


■o  Degrees  Fahrenheit 

een  Cooling  Water  and  Hot-well  Temperatures. 

egree  of  vacuum.  For  reciprocating  engines  a  hot-well  tempcra- 
ictween  110  degrees  and  130  degrees  F.  is  average  practice;  with 
ics  the  temperature  ranges  between  80  degrees  and  100  degrees  F. 
:count  of  the  inefficient  heat  absorption  in  practical  installations, 
5  per  cent  to  15  per  cent  is  added  to  the  theoretical  weight  of  cool- 
ater  as  determined  from  equation  (167).  With  jet  condensers  of 
•eblanc  type  the  temperature  of  the  hot  well  is  approximate'" 


TABLE  79. 

RATIO.  BY  WEIGHT,  OF  COOLING  WATER  TO  STEAM  CONDENSED  (THEORETICAL 

(Barometer  29.92.) 


Temp, 
of  In- 
jection. 


40 
50 
60 
70 
80 
90 


Vacuum  24". 
Temperature  of  Steam  141°. 


I 


Temperature  of  Hot  Well. 


Temp, 
of  In- 
jection. 


110 

115 

120 

125 

130 

15.0 

13.9 

12.9 

12.1 

11.4 

17.5 

16.0 

14.8 

13.7 

12.8 

21.0 

18.9 

17.3 

15.8 

14.6 

26.2 

23.2 

20.7 

18.7 

17.1 

35.0 

29.8 

25.9 

23.0 

20.5 

52.4 

49.7 

34.6 

29.5 

25.6 

40 
50 
60 
70 
80 
90 


Vacuum  25*. 
Temperature  of  Steam  134°. 


Temperature  of  Hot  Well. 


105 

110 

115 

120 

16.1- 

14.9 

13.8 

12.9 

19.0 

17.4 

16.0 

14.8 

23.2 

20.9 

18.9 

17.2 

30.0 

26.1 

23.0 

20.7 

42.0 

34.8 

29.6 

25.9 

70.0 

52.1 

41.5 

34.5 

12S 


12.1 
13.7 
15.8 
18.7 
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legrees  lower  than  that  corresponding  to  the  degree  of  vacuum  in  the 
idenser  for  inlet  temperatures  above  50  degrees  F.  For  lower  tem- 
ratures  of  inlet  water  the  hot-well  temperature  ranges  from  10  to  20 
grees  below  that  corresponding  to  the  degree  of  vacuum.  Table  79 
d  the  curves  in  Fig.  298  have  been  calculated  from  equation  (167). 
544.  Effect  of  Aqueous  Vapor  upon  the  Degree  of  Vacuum. —  The 
tility  of  attempting  to  better  the  vacuum  by  exhausting  the  vapor  is 
st  illustrated  by  a  specific  problem. 

Required  the  volume  of  aqueous  vapor  to  be  withdrawn  per  hour 
im  a  condenser  operating  under  the  following  conditions,  in  order 
at  the  vacuum  may  be  increased  one  pound  per  square  inch:  Tem- 
rature  of  discharge  water  125  degrees;  corresponding  vapor  tension 
jiches  of  mercury;  barometer  30  inches;  relative  vacuum  26  inches; 
rse  power  100;  steam  consumption  20  pounds  per  horse-power  hour; 
oling  water  25  pounds  per  pound  of  steam  condensed. 

100  X  20  X  25  =  50,000  pounds  of  cooling  water  per  hour. 

=  833  pounds  of  cooling  water  per  minute. 

Now  to  increase  the  vacuum  one  pound  per  square  inch,  approxi- 

itely  2  inches  of  mercury,  the  temperature  of  the  water  must  be 

wered  to  102  degrees  F.,  that  is,  833  (125  -  102)  =  19,159  B.t.u. 

19  159 
List  be  abstracted  from  the  water  in  one  minute,  or      '        =  18.6 

unds  of  water  to  be  evaporated  per  minute.     (1030  =  average  heat 
vaporization  of  water  under  26  to  28  inches  of  vacuum.)     Now,  one 
und  of  vapor  at  102  to  125  degrees  F.  has  an  average  volume  of  270 
bic  feet. 

Therefore  18.6  X  270  =  5022  cubic  feet  of  vapor  must  be  exhausted 
r  minute  to  increase  the  vacuum  from  26  to  28  inches,  which  is  mani- 
lUy  impracticable. 

MS.  Injection  Orifice.  —  The  velocity  of  water  entering  a  jet  con- 
user,  neglecting  friction,  may  be  determined  from  the  formula 

V  =  V2gh,  (168) 

aere 

V  =  velocity  of  the  water  in  feet  per  second, 

g  =  acceleration  of  gravity  =  32.2, 
h  =  total  head  in  feet. 

li  p  =  pressure  below  the  atmosphere  in  pounds  per  square  inch, 

hi  =  distance  in  feet  between  the  source  of  supply  and  the 
injection  orifice, 

A=2.3p±  hu  (169) 
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and  equation  (168)  may  be  written 

V  =  8.025  V2.3  p  ±  *i-  (17! 

If  the  supply  is  under  pressure,  hi  is  positive;   if  under  suction,  it 
negative. 

Example:  What  is  the  theoretical  velocity  of  water  entering  a  coi 
denser  with  26-inch  vacuum  (referred  to  30-inch  barometer);  suetk 
head  8  feet. 

Here    p  =  pressure  in  pounds  per  square  inch,  corresponding  to  2 

inches  of  mercury  =  12.8  pounds  per  square  inch. 
hi  =  8. 

V  =  8.025  V2.3  X  12.8  -  8 
=  37.1  feet  per  second 
=  2226  feet  per  minute. 

In  proportioning  the  injection  orifice  in  practice  the  maximui 
velocity  of  flow  is  assumed  to  be  between  1500  and  1800  feet  per  minuti 
or,  approximately,  area  of  injection  orifice  in  square  inches  =  weight! 
injection  water  in  pounds  -f-  650  to  780.  ("  Manual  of  Marine  Engines 
in£,"  Seaton,  p.  204.)  A  rough  rule  gives  area  of  orifice  =  area  of  lot 
pressure  piston  in  square  inches  -f-  250.     (Seaton,  p.  204.)  .  j 

246.  Volume  of  the  Condenser  Chamber.  —  According  to  Thurstd 
the  volume  of  a  jet  condenser  should  be  from  one  fourth  to  onehaj 
that  of  the  low-pressure  engine  cylinder.  ("Steam  Engine  Manual/ 
Thurston,  II,  127.) 

According  to  Hutton  the  volume  should  not  be  less  than  that  of 
air  pump  and  should  approximate  three  fourths  of  that  of  the  engi 
cylinder  in  communication  with  it. 

247.  Injection  and  Discharge  Pipes.  —  In  practice  the  diameter 
the  injection  pipe  is  based  on  a  velocity  of  400  to  600  feet  per 
and  that  of  the  discharge  pipe  of  200  to  400  feet  per  minute;  theloi 
figures  for  pipes  under  8  inches  in  diameter,  the  upper  range  for 
diameters. 

(Atmospheric  relief  valves.  —  See  paragraph  39.) 

248.  Siphon    Condensers.  —  Fig.    299    shows    a    section    througk 
Baragwanath  siphon  condenser,  illustrating  the  principles  of  a 
current   barometric  condenser.     The  cooling  water  enters  the  side j 
the  condenser  chamber  at  A  and  passes  downward  in  a  thin 
sheet  around  the  hollow  cone  D.     The  exhaust  steam  enters  at  B< 
is  given  a  downward  direction  by  the  goose  neck  C.     It  flows  tl 
the  nozzle  T)  and  is  condensed  within  the  hollow  cone  of  moving* 
the  combined  mass  including  the  entrained  air  discharging  througl 
contracted  throat  E  at  high  velocity  into  the  tail  pipe  F.    Thci 
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Jumn  in  the  tail  pipe  must  be  enough  to  overcome  the  pressure  of  the 
mosphere;  i.e.,  it  should  be  34  feet  or  more  above  the  surface  of  the 
t  well,  otherwise  water  would  rise  within  this  pipe  to  a  height  cor- 
jponding  to  that  of  the  barometer,  which  is  approximately  34  feet  for 
>arometric  pressure  of  30  inches  of  mercury.  This  is  not  strictly  true 
ten  the  condenser  is  in  full  operation,  as  the  injector  effect  of  the 
>ving  mass  is  sufficient  to  overcome  several  pounds  pressure,  and  the 
1  pipe  may  be  less  than  34  feet,  but  to  provide  against  any  possibility 
the  water  being  drawn  into  the  cylinder 

the  engine  the  length  is  made  greater 
ui  34  feet.  The  spray  cone  D  is  adjust- 
le  and  admits  of  close  regulation  of  the 
ter  supply  without  changing  the  annu- 

form  of  the  stream.  The  condensing 
,ter  may  be  supplied  under  pressure  or 
der  suction.     For  lifts  not  greater  than 

feet  no  supply  pump  is  necessary,  the 
tter  being  raised  by  the  siphon  action  of 
e  condenser.  This  condenser  requires 
e  same  amount  of  cooling  water  per 
rnnd  of  steam  as  the  standard  jet  con- 
BDser,  and  is  capable  of  maintaining  a 
hcuum  of  from  24  to  27  inches.  A 
Mcuum  of  28J  inches  has  been  recorded 
e  a  condenser  of  this  general  type. 
\ans.  A.S.M.E.,  2G-388.)  An  atmos- 
leric  relief  valve  G  is  provided  in  case 
ft  vacuum  fails  from  any  cause,  which 
U  permit  the  steam  to  escape  to  the 
biosphere. 
The  above  type  of  condenser  is  adapted 

very  muddy  cooling  water,  since  no  filtration  is  necessary  beyond  the 
moval  of  such  solid  matter  as  may  clog  up  the  annular  space  H. 
tjn  the  Armour  Glue  Works  at  Chicago  condensers  of  this  type  are 
ibcessfully  maintaining  a  90  per  cent  vacuum  with  cooling  water  at 
I  degrees  F. 

fj3iphon  Condensers,  Discussion:  Trans.  A.S.M.E.,  Vol.  26,  p.  388.     Siphon  Con- 
Electrical  World,  Juno,  1S97,  p.  SIS;   Engr.  U.  S.,  Jan.,  1906. 

%.  Size  of  Siphon   Condensers.  —  The  size  of  siphon  is  indicated 

he  diameter  of  the  engine  exhaust  pipe. 

tble  80  gives  the  sizes  of  barometric  condensers  as  manufactured 
jrominent  makers. 


Fio.  299. 


Baraftwuiiath  Siphon 
Condenser. 
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TABLE  8a 

SIZE   OF    SIPHON    CONDENSERS. 


Steam  to  be  Condensed. 

Size  Usually 
Furnished,     i 
Inches. 

i 

Steam  to  be  Condensed. 

Size  Usual 

Pounds  per 
Hour. 

Pounds  per 
Minute. 

Pounds  per  Hour. 

Pounds  per 
Minute. 

Furnished 
Inches 

2,000 
3,000 
4,000 
5,000 
6,000 

33 
50 
66 

83 
100 

5 

7 

f     ■ 

9 

8.000 
10,000 
15,000 
20,000 

i 

133 
166 
250 
333 

10 
12 
14 
14 

Width  in  inches  =  - 


a* 


Vacuum  26  inches;  barometer  30  inches. 

The  diameter  of  the  throat  may  be  closely  approximated  by  tht 
empirical  formula 

Diam.  in  inches  =  0.0077  VWwf  (171) 

in  which 

W  =  weight  of  steam  to  be  condensed  per  hour, 
w  =  weight  of  water  required  to  condense  one  pound  of  steam. 

The  maximum  width  of  the  annular  opening  for  the  admission  ol 
water  may  be  obtained  from  the  empirical  formula 

Ww 

39,550  d' 
in  which 

d  =  diameter  of  the  nozzle  or  bottom  of  the  cone  in  inches. 

W  and  w  as  in  equation  (171). 

250.  Ejector  Condenser.  —  Fig.  300  shows  a  section  through  a  Schutti 
exhaust  steam  "induction"  condenser,  illustrating  the  principles  of  th 
ejector  condenser  in  which  the  momentum  of  flowing  water  ejects  th 
discharge  without  the  aid  of  the  circulating  pump.  Exhaust  steaa 
enters  the  ejector  through  the  opening  marked  "exhaust,"  passes 
a  series  of  inclined  orifices  and  nozzles  at  considerable  velocity, 
meeting  the  cooling  water  in  the  inner  annular  chamber,  is  cond 
The  cooling  water  is  drawn  in  continuously  through  the  opening 
"water,"  by  virtue  of  the  vacuum  formed,  and  sufficient  velocity  is 
parted  to  the  jet  to  discharge  the  combined  mass  of  condensed 
cooling  water,  and  air  against  the  pressure  of  the  atmosphere. 

Adjustment  for  capacity  is  effected  by  raising  or  lowering  ther 
by  means  of  the  wheel  //.  An- adjustable  sleeve  controls^4 
able  area  of  the  exhaust  inlet  by  covering  more  or  less  opening 
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bining  tube.  When  the  cooling  water  is  supplied  under  pressure 
openings  marked  "steam"  and  0  are  blanked.  When  water  is  taken 
er  suction  and  water  under  pressure  is  available  for  starting,  0  is 
iked  and  opening  marked  "steam"  is  connected  with  the  pressure 
ply.  When  water  is  taken  under  high  suction  and  live  steam  is 
used  for  starting,  inlet  marked  "steam"  is 
connected  to  live  steam  and  an  overflow 
check  valve  is  placed  at  0.  Fig.  301  gives 
an  outline  of  the  necessary  piping  for  a 
condenser  installation  of  this  type.  These 
condensers  are  made  in  all  sizes  conforming 
with  exhaust  pipe  diameters  of  \\  to  20 
inches.  The  same  amount  of  cooling  water 
is  required  as  for  jet  condensing  and  vacua 
of  20  to  25  inches  are  readily  obtained. 


>l.  Barometric  Condensers.*  —  Fig.  302  shows  a  section  through 
Weiss  counter -current  condenser,  illustrating  the  principles  of  a 
©metric  jet  condenser.  The  cooling  water  enters  the  upper  part 
the  condensing  chamber  A  through  pipe  D  and  falls  in  cascades,  as 
urn  in  the  figure,  to  tail  pipe  B,  from  which  it  flows  by  gravity  to 

("hot  well.     The  exhaust  steam  enters  chamber  A  through  pipe  D, 
The  author  has  been  informed  that  the  word  "  Barometric  "  in  connection  ' 
"     '         a  is  the  registered  trade  mark  of  the  Alberger  Condenser  Compan 
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and.  coming  in  contact  with  the  cold-water  spray.  U  condttiied.  The 
;:ir  is  exhausted  from  rhi-  fop  of  the  Poniienser  by  a  dry  vacuum  pimp 
through  pipe  F.  In  flowing  tn  the  pump  the  air  parses  upwards  through 
rlw  water  spray  anil  its  temperature  is  lowered  to  that  oi  the  injcctim 
water,  thereby  reducing  the  volume  to  be  exhausted.  Any  "aaaim 
passing  over  with  the  air  is  separated  at  fi  l«-fore  reaching  the  ar 
piunp.  and  Hows  out  through  the  small  barometric  tube  H.  The  fowl- 
ing water  is  forced  to  the  cundns 
chamber  through  pipe  .V  by  any  puatm 
displacement  pump,  the  actual  head 
pumped  against  Iwing  the  different! 
Utwcen  the  total  height  and  that  of  i 
column  of  water  corresi>onding  to  tbt 
degree  of  vacuum  in  the  eondenwr.  Tie 
main  barometric  tube  or  tail  pipe  8 
through  which  the  water  is  discharged]! 
34  feet  or  more  in  length  and  is  provided 
with  a  foot  valve  C.  The  counter-cunail 
principle  permits  a  much  higher  temper*- 
ture  of  hot  well  for  the  same  degree  of 
vacuum  than  does  the  parallel  current, 
a  hut-well  temperature  of  120  (lepra 
and  a  vacuum  of  27  inches  being  radO? 
maintained.  A  small  pipe  A'  connecting 
tap-*  the  main  condenser  with  the  small  tare- 
S      %A  'VQ-v    metric  tube  //  insures  at  all  times  I 

J^l        sufficient  quantity  of  water  in  the  anal 

liC.  Y%  auxiliary  hot  well  to  seal.the  tube.  Tht 
*  water  from  this  auxiliary  hot  well  flow 
over  a  weir,  as  indicated,  into  a  counter- 
weighted  bucket  .1/,  the  latter  havingt 
hole  in  the  bottom  which  allows  the  not- 
mal  fluwtoesea]H\  But  in  case  a  sudds 
,\wvwt  heavy  overload  is  thrown  on  theenpna 

iW  ».:  .■>;  "..'•'.:  is  for  a  light  load,  the  temperature  of  the  diseha* 

i,  ,•.,■  \v.U-.'4s,  point  and  an  abnormal  quantity  of  water  will  Bo* 

»n  iii.  ■■  ■-.-!.;  iww.wirii1  tube.    This  will  cause  the  water  to  Hon 
■  Wl.i  iwi.-h  i*st«T  than  the  opening  in  the  bottom  can  disposed 

« „h  iV  tawkri  will  increase  in  weight  and  will  open  up' 

ii.  i-fe,.  |  «hu*!i  reduces  the  vacuum  two  or  three  inebcsiM1 

■"■■  tioivAn^^wAiiitlniut  "dropping"  the  vacuum  entirely.  £* 
*•  *»^viW  \alvc. 
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5.  303  shows  a  section  through  the  condensing  chamber  of  an 

fger  barometric  condenser.     In  principles  of  operation  the  con- 

ir  is  similar  to  the  Weiss,  but  differs  considerably  in  details.     Ex- 

;  steam  enters  at  A   and  divides  into  two  streams,  one  flowing 

tly  to  the  inner  chamber  D,  the  other  through  the  annular  space  E. 

ng  water  enters  through  B  and  is  broken  up  into  a  fine  spray  by 

errated  cone  F,  which  is  hung  upon  a  long  spring,  thus  auto- 

:ally  adjusting  itself  to  the  quantity  of  water  entering  the  con- 

r.  After  condensing 

chaust  steam  in  the 
cylinder  the  partly  ' 

d  spray  of  cooling 
in  falling  is  brought 

ntact  with  the  ex- 
steam  which  enters 

gh    the    annular 

.    This  process  per- 

of  a  high  hot-well 

rature  without  af- 

g    the    degree    of 

im.    The  air  which 

t  entrained  by  the 

g  water  and  carried 
the  tail  pipe  col- 

inder  the  spray  cone 

i  ascends  through 

ubular   support  of 

■one    into    the    air 

.    This  air  cooler  is 

I  a  small  chamber  in 

the    non-conden- 
gases  are  cooled  by 

II  portion  of  the  circulating  water  before  they  are  withdrawn  by 
r  pump.  The  circulating  water  used  for  the  purpose  is  forced 
he  cooling  chamber  through  pipe  A'  and  falls  through  serrated 
lgs  in  the  bottom  to  the  condenser  proper.  The  air  enters  the 
>er  through  these  same  openings,  and  is  withdrawn  by  the  air 

Surrounding  the  cooler  is  a  separating  space  of  large  capacity 
iw  the  subsidence  of  any  entrained  moisture  before  the  air  reaches 
icuum  pump. 

,  304  shows  a  section  through  a  Tomlinson  type  B  barometric  con* 
r  which  differs  from  the  conventional  type  in  the  addition  of  on 
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overflow  or  auxiliary  tail  pipe.     The  main  tail  pipe  takes  care  of 
light  loads  and  the  overflow  comes  into  service  only  on  full  loads  m 
overloads.     This  arrangement  reduces  the  quantity  of  circulating  wsto 
required  at  light  loads  since  it  is  not  necessary  to  keep  a  large  tail  pipe 
filled  with  water  as  is  the  case  with  the  single  pipe  design. 

Fig.  305  shows  a  section  through  a  Worthington  counter-current  m- 
densing  chamber  when  overhead  room  is  not  restricted,  and  Fig.  309 


through  the  condensing  chamber  of  i 


Cud. 

shows   a  section 
head  mndensvr. 

As  previously  outlined,  surface  condensers  may  be  divided  into  t) 
gi  neral  classes.  t«>  water-cooled,  (M  air-cooled,  and  (c)  evaponrim 

',■«.  W»t*r-wKiled  Surface  Condensers.  —  Water-cooled  surface 
diiiM-i's  are  by  fur  the  most  extensive  in  use  and  only  oecasiooife 
lltf  »\ttdtlh«w  such  as  to  \va,rr»»t  the  installation  of  the  othere 
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'  are  ordinarily  classified  as  (1)  single-flow,  (2)  double-flow,  and 
lulti-flow. 

;.  308  shows  a  sectional  elevation  through  a  Baragwanath  vertical 
enser,  illustrating  the  single-flow  type.  It  consists  essentially  of  a 
iron  shell  provided  with  two  heads,  into  which  a  number  of  one- 
brass  tubes  are  expanded.  Exhaust  steam  fills  the  shell  and  flows 
ad  and  between  the  tubes,  while  the  cooling  water  is  caused  to 
late  through  the  tubes  by  means  of  a  circulating  pump.  The 
q  is  condensed  by  contact  with  the  tubes  and  drops  to  the  bottom 


FiO.  306.     Wheeler  Low-heui  Centrifugal  Jet  Condenser. 


sheet,  from  which  it  is  exhausted  by  the  air  pump.  The  circulate 
/ater  flows  through  the  tubes  in  one  direction  only,  hence  the  name 
Je  flow."  To  allow  for  the  unequal  expansion  of  shell  and  tubes 
;wo  halves  of  the  shell  are  provided  with  slightly  thinner  plates 
ed  outward,  the  flanges  being  bolted  together  with  a  spacing  ring 
een  them.  This  joint  gives  to  the  shell,  in  the  direction  of  its 
h,  a  certain  amount  of  elasticity  which  is  sufficient  to  allow  for 
peatest  possible  elongation  of  the  tubes  without  straining  the  tube 

and  causing  leakage. 

g.  309  shows  a  section  through  a  Wheeler  admiralty  surface  co 
er  mounted  on  a  combined  air  and  circulating  pump,  iilustrati 
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;  319  shows  a  section  through  a  Worthington 
r  embodying  Professor  Weighton's  principles. 


485 
surface  con- 


;.  312  shows  the  general  arrangement  of  the  Worthingtoo  high- 
jm  system.  The  equipment  comprises  a  surface  condenser,  a 
i-driven  centrifugal  pump  for  circulating  the  cooling  water.  » 
i-driven  rotative  dry-air  pump  and  a  turbine-driven  ce 
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hot-well  pump.  The  surface  condenser  is  piped  direct  to  the 
exhaust,  only  a  corrugated  copper  expansion  joint  and  a  tee  int 
ing.  A  tubular  water-vapor  cooler,  which  is  in  reality  a  small 
condenser,  is  inserted  in  the  circulating  water  liae  between  the 
suction  and  condenser,  and  serves  to  arrest  all  the  condensable 
and  thus  reduces  the  volume  to  be  handled  by  the  air  pump.  AD 
densation,  including  that  from  the  air  cooler,  collects  in  the  hot  wd,l 
from  which  it  is  pumped  by  a  motor-driven  circulating  pump  direct  to! 
heater  or  boiler.  Cooling  water  is  handled  by  a  centrifugal  pump  hav- 
ing both  suction  and  delivery  pipes  water-sealed,  so  that  the  work  done 
by  the  pump  is  virtually  that  of  overcoming  the  fluid  friction  in  the 
condenser  and  piping.    All  valves  and  stuffing  boxes  are  water-sealed 


Fig.  314.     Parsons  Vacuum  Augmenter. 


to  prevent  any  possible  leakage  of  air,  and  the  condenser  pump  cylinder 
is  especially  designed  to  avoid  vapor  binding.  This  makes  it  possible^ 
maintain  a  vacuum  of  one-half  pound  absolute  with  cooling  water  at 
(i()  degrees  F.  In  the  high-vacuum  condenser  installation  of  the  Com- 
monwealth Kdison  Company  the  dry-air  pump  and  the  circulating  pump 
:nv  direct  connected  to  a  single-cylinder  Corliss  engine. 

I«ig.  'M'.\  shows  the  general  arrangement  of  the  C.  H.  Wheeler  Com- j 
pruiv's   high-vacuum  condensing  outfit.     The  condensing  chamber  kj 
how  n  in  section  in  Fig.  310  and  is  described  in  paragraph  252.   Tk'j 
wrt  nil-  pump  is  illustrated  in  Fig.  402  and  is  described  in  paragraph 
\.i  dt  \  : i i i-  pump  is  needed,  and  the  makers  guarantee  a  vacuum 
unr    inch    of    ,'ibsolute    under    full-load    conditions   of   steam  turbir*1 

t  ipr!  ;t  I  loll.  I 

I  ig    :;i  I   shows  a  section  through  a  Parsons  "vacuum  augments 
toi   iiHTra^ing  the  vacuum  in  a  surface  condenser.     A  pipe  is  led  fed 
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ttom  of  the  main  condenser  to  an  auxiliary  or  augmenter  having 
one-twentieth  of  the  cooling  surface  of  the  main  condenser.  At 
nt  indicated  a  small  steam  jet  is  provided  which  acts  as  an  ejector 
aws  out  the  air  and  vapor  from  the  condenser  and  delivers  it  to 
pump.  The  water  seal  prevents  the  air  and  vapor  from  return- 
the  condenser.  With  this  arrangement,  according  to  tests  con- 
by  Mr.  Parsons,  if  there  is  a  vacuum  of  27J  or  28  inches  in  the 


Weatinghouge-Leblflnc  Multi-jet  High- 


iser,  there  may  be  only  26  at  the  air  pump,  which,  therefore,  may 
small  size,  the  jet  compressing  the  air  and  vapor  from  the  con- 
to  about  one-half  of  its  original  volume.  The  steam  jet  uses  about 
d  one-half  per  cent  of  the  steam  used  by  the  turbine  at  full  load. 
Condensers.  —  Fig.  315  gives  the  general  details  of  a  Westing- 
Leblanc  multi-jet  condenser  which,  under  commercial  conditions, 
ilized  vacua  within  99  per  cent  of  the  ideal.     The  most  str" 
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feature  of  this  system  lies  in  its  compactness  and  simplicity,  a  lftft 
kilowatt  equipment  being  less  than  9  feet  in  height.  Referring  ty  Fig. 
315,  exhaust  steam  enters  the  condenser  chamber  at  the  upper  left- 
hand  opening  and  meets  the  cooling  water  as  it  is  forced  through  spray 
nozzle  C.  The  condensed  steam  and  injection  water  fall  to  the  bottom 
of  the  condenser  and  are  removed  by  centrifugal  pump  M.  The  non- 
condensable  vapors  are  withdrawn  by  valveless  rotary  air  pumps  P, 
through  suction  opening  0.  Referring  to  section  N-N  through  lis 
air  pump  it  will  be  seen  that  this  pump  consists  primarily  of  a  reverse- 
Pelton  turbine  wheel  in  conjunction  with  an  ejector.  Sealing  m 
introduced  through  the  branch  indicated  by  dotted  outline,  into  tie 


Fig.  316.     TomliDBOD  Type  C  High-vim  turn  Jot  Condenser. 

central  chamber  G,  from  which  it  passes  through  port  H .  It  is  tin*  . 
caught  up  by  the  blades  P  of  the  Pelton  wheel,  which  is  rotated  sti 
suitable  speed,  and  ejected  into  the  discharge  cone  in  the  form  of  U* 
sheets  having  a  high  velocity.  These  sheets  of  water  meet  the  M 
of  the  discharge  cone  and  thus  form  a  series  of  water  pistons,  eachd 
which  entraps  a  small  pocket  of  air  and  forces  it  out  against  thesfcw 
phi'ric  pressure.  In  passing  through  the  air  pump  the  sealing  «»M 
remves  practically  no  increase  in  temperature,  hence  the  sameM* 
limy  be  used  over  and  over  again.  The  air  pump  rotor  and  main jflf  [ 
runner  arc  enclosed  in  a  common  easing  mounted  on  the  samest/ 
Thin  arrangement  makes  the  plant  very  compact  and  requires  thf  * 
nf  only  one  motor  to  drive  both  pumps.  There  is  a  clear  p* 
through  the  condenser  and  pump,  so  that  should  the  pump  stOpJvi 
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cason  air  rushes  into  the  condenser  through  the  air  pump  and  im- 
mediately breaks  the  vacuum.  In  starting  up  the  condenser,  steam  is 
jurned  into  auxiliary  nozzle  L,  section  N-N,  for  a  few  moments,  thus 
Bleating  sufficient  vacuum  to  start  the  regular  Sow  of  water  through  the 
lir  pump.  The  pumps  require  from  1J  to  3  per  cent  of  the  power 
generated  by  the  main  engines.  Fig.  330  shows  an  application  of  a 
PVestinghouse-Leblanc  condenser  to  a  Curtis  turbine,  and  Fig.  331  the 
implication  of  the  Leblanc  pumps  to  a  surface  condenser. 


EXHAUST  TO  CONDCNSCH 


CINCULATMQ' 
WATT* 


fro.  317.  Section  through  Condensing  Chamber  of  Kdrting  Multi-jet  Condenser. 
Chamber  Capable  of  Maintaining  a  Vacuum  of  95  Per  Cent  of  the  Ideal  without  the 
use  of  Air  Pumps. 

2U.  Cooling  Water,  Surface  Condensers.  —  The  amount  of  cooling 
niter  required  per  pound  of  steam  in  a  surface  condenser  is  dependent 
tpon  the  vacuum,  the  temperature  of  the  condensed  steam,  and  the 
ange  in  temperature  of  the  cooling  water;  thus: 

H  -  h  +  32  * 


W  = 


to  —  to 


(173) 


rhere 

H  =  heat  content  of  the  exhaust  steam  above  32  degrees  F., 

t\  =  temperature  of  the  condensed  steam, 

to  =  temperature  of  the  injection  water, 

i%  =  temperature  of  the  discharge  water, 

W  a  pounds  of  injection  water  necessary  to  condense  one  pound 
of  steam. 

Example:  Required  the  quantity  of  cooling  water  necessary  to  con- 
tuse onfe  pound  of  steam  under  the  following  conditions:  Initial  tem- 
perature of  the  cooling  water  60  degrees  F.;  final  temperature  100 
Agrees  F.;  vacuum  26  inches,  referred  to  30-inch  barometer.  Here 
I  *=  1115B.t.u.,  U  =  60,  h  =  100. 


W  = 


1115  -  110  +  32 


=  25.9. 


100  -  60 
*  Sec  footnote,  paragraph  243. 
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That  is,  the  ratio  of  cooling  water  to  condensed  steam  ■ 
lately  26  to  1.    In  turbine  practice  where  vacua  as  high  as 
ound  absolute  -are  obtained,  the  ratio  of  cooling  water  to 
team  is  nearly  twice  this  quantity.     For  example,  if  s 
8.92  inches  is  desired  with  the  barometer  at  29.92  and  the  rangi 
he  circulating  water  temperature  is  70  to  SO  degrees  and  the 
urc  of  the  hot  well  75  degrees,  the  ratio  will  be 
1094  -75  +  32 


W  =  - 


70-50 


=  52.3. 


In  determining  the  amount  of  cooling  water  it  is  well  to  besi 
lind  that  in  the  ordinary  condenser  of  the  single-  or  double-floi  lj| 


h*'  temperature  of  the  condensed  steam  will  be  from  10  to  20<iep» 
;*fr  than  that  corresponding  to  the  degree  of  vacuum  in  the  «* 
*oa;r.  and  that  the  temperature  of  the  condensing  water  at  the  ifi 
•Zirsi  :vint  will  be  from  .>  to  10  degrees  lower  than  the  temperatiw 
i'^s-  ~;  :be  vacuum. 

'V*ra  *vL!-designed  condensers  of  the  multi-flow  type  the  terapo1' 

.r^-    ?  'Z-i  hot  well  may  In-  from  0  to  .")  degrees  lower  than  theta 

>r:r-^*   o-M  to  the  vacuum,  and  the  temperature  of  the  conileus 

tt=-    i   ;>  iischarge  point  may  be  equal  to  that  due  to  the  varum 

:-■     i=.  .r  Nival  Arch..  March,  llltHi.i     (See  Fig.  318.) 

^  ^mb    rf  W»tM-coo]iiiK    Surface.  -  Theoretically,    the  Opa 

fc       .  -aa»  -iBilenser  is  divided  into  two  periods,  (1)  tVe  p« 
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mdensation  during  which  the  heat  of  vaporization  at  the  observed 
jure  is  removed  and  (2)  the  period  of  cooling  during  which  the 
jerature  of  the  condensed  steam  is  reduced.  In  order  to  determine 
rately  the  extent  of  cooling  surface  it  would  be  necessary  to  cal- 
te  the  heat  transmission  for  each  of  the  two  periods.  In  practice, 
ever,  it  is  assumed  that  condensation  and  cooling  take  place  simul- 
ously,  and  that  the  mean  temperature  difference  is  a  direct  function 
he  temperature  corresponding  to  the  exhaust  steam  in  the  con- 
ler  and  that  of  the  condensed  steam  and  cooling  water.  The  error 
bese  assumptions  has  only  a  slight  influence  on  the  estimation  of 
cooling  surface  and  is  entirely  lost  sight  of  in  the  liberal  factor 
red  in  practice. 

et  S  =  cooling  surface  in  square  feet, 
H  =  heat  content  of  the  exhaust  steam  at  condenser  pressure, 
to  =  initial  temperature  of  the  circulating  water, 
1%  =  final  temperature  of  the  circulating  water, 
t\  =  final  temperature  of  the  condensed  steam, 
U  =  temperature  of  the  exhaust  steam  at  condenser  pressure. 
U  =  coefficient  of  heat  transmission,  B.t.u.  per  hour,  per  degree 
difference  in  temperature,  per  square  foot  of  cooling  surface, 
d  =  mean  difference  temperature  between  U  and  fe,  and  J©, 
W  =  weight  of  condensed  steam  per  hour, 

d  =     fe~*°     (see  equation  (210),  Chapter  XII); 
i™  U  —  tp 

since  the  heat  absorbed  by  the  cooling  water  is  equal  to  the  heat 
»  up  by  the  steam, 

SUd  =  W\H-(h- 32)1,  (174) 

S  =  m (175) 

itham  ("Steam-Engine  Design,"  p.  283)  uses  the  arithmetic  mean 

=  U ^ —  instead  of  the  mean  as  determined  from  Equation  (210). 

equation  (210)  is  based  on  the  assumption  that  the  fluid  on  each  side 
he  tube  is  homogeneous,  which  is  far  from  being  true  in  the  case  of 
air-steam  mixture  in  a  condenser,  and  for  this  reason  many  designers 
fer  to  use  the  simpler  arithmetic  formula. 

Tie  coefficient  of  heat  transfer,  U,  as  used  in  above  equations,  refers 
the  mean  or  average  value  for  the  entire  surface  since  the  actw7 
ismission  varies  widely  for  different  parts  of  the  condense! 
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t  n£  V  TOM  from  «nr  HMO  m  the  fiist  few  rowg  rf  ^ 

to  anurt  with  the  cooling 

'  RJW'  f*b*rv  the  lubes  an>  practi- 

■  im  <rf  rwiriMitine)  and  to  3  or  less  for  the  tuba 


WniffhLoii  Dry-tnl»!  Nurfncv  ( Vjniluiim-r  io  Vertical  Murine  Ebf» 

I'rufcHHor  Joswe  of  Hit'  Royal  Technical  School,  Charlottenburg,  alt" 
mi  exhaustive  in  ventilation  of  the  subject,  found  that  the  actual  vslw 
of  r  varied  with 

(1 I  The  material,  thickness,  shape,  ami  cleanliness  of  the  tub* 

pi)  The  velocity  of  the  water  through  the  tubea. 

\'.U  The  velocity  of  the  steam  against  the  tubes. 

I -II  The  pcreeiit:LKe  of  air  in  the  steam  surrounding  the  tubes. 

i.M    The  extent  of  suhmersiuti  of  the  steam  side  of  the  tuhei. 
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>f  the  results  of  his  investigations  are  shown  in  Figs.  320  to 
!  also  Power  and  Engr.,  Feb.  2,  1909. 

ect  of  thickness,  material,  etc.,  of  condenser  tubes  is  so  small 
timate  result  and  the  choice  and  arrangement  are  so  largely 
;d  by  practical  consideration  that  they  may  be  neglected. 
ilue  of  (/  increases  approximately  as  the  square  root  of  the 
>f  the  water  flowing  within  the  tube,  so  that  increase  in  water 
ffects  a  substantial .  in- 
the  keat  transmission; 
■esistance  encountered 
circulating  water  in- 
-s  the  square  of  the 
and  the  power  con- 
i  pumping  the  water 
as  the  third  power  of 
ity,  so  that  a  point  is 
hed  where  the  gain  on 
»and  may  be  offset  by 
i  the  other.  See  "The 
sion  of  Heat  in  Sur- 
iensation"  by  Geo.  A. 
•ana.  A.S.M.E.,  vol.  32, 
910,  for  formulas  per- 
.  the  value  of  U.  This 
itains,  also,  a  complete 
ihy  on  transmission  of 
ugh  tubes. 

y  of  a  number  of  in- 
9  gave 

le  surface  condenser, 
30  to  240  feet  per 

minute,  average  90. 
i  dry-tube  surface  condenser, 

V  =  120  to  3G0  feet  per  minute,  average  240. 
he  curves  in  Figs.  321  and  322  it  will  be  seen  that  air  is  an 
heat-insulating  material;  hence,  the  greater  the  amount  of 
ned  with  the  steam  the  lower  will  be  the  coefficient  of  heat 
ion.  The  necessity  of  removing  the  air  as  fast  as  it  accumu- 
,  once  apparent. 

older  types  of  surface  condensers  the  water  of  condensation 
upper  rows  of  tubes  is  permitted  to  fall  on  the  rows  iinmedi- 


Fio.  320. 
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htfiy  r*iw.  tfc*  water  increasing  in  volinne  as  it  passes  the  bucks* 
ij&LJti  of  tubes  until  it  completely  envelops  them.    The  coefficient 
varies  from  1000  or  more  in  t 
upper  row  to  less  than  50  in  A 
lower,  giving  a  mean  valued 4 
proximately  230  to  350  for 
entire   surface.     In 
the  extent  of  cooling  surfawl 
a    condenser   of  this  type  ■ 
average  figure  for  plain  In 
tubes  with  water  velocities  of 
to  100  feet  per  minute  is !'  =250. 
For  a  velocity  of  100  to  240  w 
per  minute  (.'  may  be  taken  50j» 
cent  greater  than  these  fipna 
When  the  t  ubes  are  clean  a  1 
higher  value  may  be  taken.  M 
a  liberal  factor  is  usually  ilia 
R0.321.        "~       "  for  possible  variation  in  the 

dition  of  operation. 
In  the  modem  dry-tube  surface  condenser,  designed  along  tbe  I 
of  tin:  oiifi  described  in  paragraph  233,  in  which  the  water  of  condens* 
lion  is  withdrawn  as  rapidly  as 
it  is  formed  and  air  entrainment 
is  reduced  to  a  minimum,  mean 
values  of  V  =  800  to  900  are  not 
unusual.     In  estimating  the  ex- 
tent of  cooling  surface  fur  con- 
densers of  this  type  an  average 
value  of  U  is  GOO  with  water  ve- 
locities of  4  to  5  feet  per  second. 
Example:   Standard  Type  of 
Surface  Condenser:  — ■  Required     "  £ 
the  numlxTof  square  feet  of  eool- 
:rj!  surface  per  i.h.p.  neeewsitry 
V.   -ondensc  the  steam  fnnii  an 
i\a:~r-  operating  under  the  following 
■:    -**irr.  per  i.h.p.   hour,  vacuum   2G  incl 
--  -v-ir.-..-*  of  cooling  water  at  GO  degrees. 

i*-p  H  ■  1115  and  I,  =  12(i  (from  steam  tables), 
(0  =  DO, 
I,  =  t,  -  10=  116. 
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Fio.  322. 

ditions:  Engine  usea20ptwni! 
with  barometer  at  30; 
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this  type  of  condenser  average  practice  gives  a  temperature  differ- 
of  approximately  10  degrees  between  the  temperature  of  the  hot 
and  that  corresponding  to  the  degree  of  vacuum. 

U  =  U  -  15  =  101. 

ly  value  may  be  fixed  upon  for  fe  greater  than  U  and  less  than  ta. 
nearer  U.  is  to  U  the  greater  must  be  the  quantity  of  circulating 
r  per  unit  of  time  for  a  given  rate  of  condensation.  On  the  other 
I,  the  nearer  U  is  to  U  the  less  is  the  mean  temperature  difference 
d  hence  the  greater  must  be  the  cooling  surface  for  a  given  coeffi- 
>  of  heat  transmission.  When  water  is  cheap  and  the  head  pumped 
ist  is  small  t%  should  be  given  a  lower  value  than  when  water  is 
y  and  the  discharge  head  is  large.  Average  engine  practice,  with 
itions  as  stated,  gives  fe  a  value  of  approximately  15  degrees  less 
that  corresponding  to  the  degree  of  vacuum, 
le  logarithmic  mean  is,  equation  (210), 

d  101-60  El 

126  -  60  '  * 

g*  126  -  101 

»e  arithmetic  mean  gives 

d  -  126  -  6°  +  m  =  45.5. 

bstitute  the  value  of  d  in  equation  (175)  and  assume  U  =  250,  the 
e  commonly  used  for  this  type  of  condenser. 

20(1115-116  +  32) 

250X42.4       '       lM' 

iy  two  square  feet  per  i.h.p.  of  engine. 

rface  condensers  of  this  type  are  ordinarily  rated  on  a  basis  of  two 
re  feet  per  i.h.p. 

mrnple:  Dry-tube  Multi-flow  Surface  Condenser:  —  Required  the 
ber  of  square  feet  of  cooling  surface  per  kilowatt  necessary  to 
ense  the  steam  from  a  steam  turbine  operating  under  the  following 
itions:  Turbine  uses  15  pounds  of  steam  per  kilowatt-hour;  vacuum 
inches,  referred  to  30-inch  barometer;  temperature  of  cooling 
r  70  degrees. 
>re  H  =  0.9  X  1100  =  990. 

le  total  heat  of  dry  steam  corresponding  to  an  absolute  pressure 
5  inches  is  1100,  but  in  the  case  of  high-vacuum  turbine  practice 
steam  entering  the  condenser  is  far  from  being  dry,  the  quality 
ing  from  0.80  to  0.95,  depending  upon  the  quality  of  the  steam  at 
ission.     An  average  correction  factor  is  0.9. 

t9  =92,     to  =  70,     h  =  U  -  4  =  88. 
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s  curves  in  Fig.  323  are  based  upon  equation  (175)  with  U  =  300 
fford  a  simple  means  for  determining  the  extent  of  cooling  surface 
fferent  conditions  of  operation.     For  any  other  value  of  U  multiply 
10  and  divide  by  the  new  value  of  U. 
back  Condenser  Air  Pumps.  —  See  paragraphs  319  to  328. 


id  Temperature  difference  between  Steam  and  wmta 
FlO.  323.     Curves  for  Determining  the  Aiuciunt  of  Cooling  Surface. 

.  Dry-air  Surface  Condensers  (Forced  Circulation).  —  Where  water 
ry  scarce   and   the  feed   supply  is  reclaimed  by  condensing  the 

1st  steam,  water-cooled  condensers  may  be  prohibitive  in  cost  of 
tion,  even  when  combined  with  cooling  tower  or  other  water-cool- 
evice,  since  the  latter  involves  a  loss  of  water  approximately 
fclent  to  the  amount  of  steam  condensed,  due  to  evaporation. 
ier  these  conditions  air  cooling  has  been  successfully  adopted, 
e  city  of  Kalgoorlie,  West  Australia,  an  electric  station  of  2000- 
■power  capacity  is  equipped  with  air-cooled  surface  condensers. 
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The  condensers  have  been  in  use  five  years  (1906),  and  have  given 
excellent  service  with  very  little  expense  and  maintenance.  The  con- 
denser consists  of  a  large  number  of  narrow  chambers  constructed  of 
thin  corrugated  sheet-steel  plates  spaced  J  inch  between  centers.  Each 
chamber  has  1345  square  inches  of  cooling  surface.  Fifty-one  of 
these  chambers  are  grouped  into  a  compartment  and  15  compartments 
constitute  a  section.  Each  section  is  equipped  with  three  motor-driven 
fans  7  feet  in  diameter  and  running  normally  at  320  r.p.m.  In  all 
there  are  six  sections,  giving  a  total  cooling  surface  of  45,000  square 
feet.  The  steam  consumption  of  the  main  engines  is  16  to  16.5  pounds 
per  i.h.p.  hour  at  rated  load.  At  full  load  the  fans  require  130  kilo- 
watts, or  approximately  10  per  cent  of  the  station  output.  The  averap 
vacuum  obtained  is  about  18  inches  throughout  the  year  and  ranges 
from  0  inches  on  very  hot  days  to  22  inches  in  cooler  weather.  The 
following  figures,  based  on  actual  observation,  show  the  effect  of  tem- 
perature of  the  external  air  on  the  vacuum  when  condensing  32,000 
pounds  of  steam  per  hour  (the  rated  capacity  of  the  condenser). 


Temperature  Ex- 

Vacuum, Inches 

Temperature  Ex- 

Vacuum, Intel 

ternal  Air, 

(referred  to  80-Inch 

ternal  Air, 

(referred  to  aOJncb 

Degrees  F. 

Barometer). 

Degrees  F. 

Barometer). 

42.8 

22 

96.8 

9.6 

50 

21.2 

100.4 

7.6 

60.8 

20 

107.6 

3.6 

68 

18.4 

113 

0 

78.8 

16 

Air-Cooled  Surface  Condensers  :  Engineering  News,  Oct.,  1902,  p.  271;  ibid,  Vol 
49,  p.  203. 

257.  Quantity  of  Air  for  Cooling  (Dry-air  Condenser). —  The  votanj 
of  air,  under  atmospheric  conditions,  necessary  to  condense  steam  to] 
any  given  temperature  may  be  determined  as  follows: 

Let  H  =  heat  content  of  the  steam  at  condenser  pressure, 
t9  =  temperature  of  the  vapor  in  the  condenser, 
ti  =  temperature  of  the  condensed  steam, 
/  =  temperature  of  the  air  entering  condenser, 
fo  =  temperature  of  the  air  leaving  condenser, 
V  =  volume  of  air  in  cubic  feet  necessary  to  condense  and 

one  pound  of  steam, 
B  =  specific  weight  of  air  under  atmospheric  conditions, 
C  =  mean  specific  heat  of  air  under  atmospheric  condition*. 
d  =  mean  temperature  difference  between  the  air  and  staQ  J 
S  =  cooling  surface  in  square  feet, 
U  =  coefficient  of  heat  transmission,  B.t.u.  per  square  foot 

degree  difference  in  temperature  per  hour. 
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lince  the  heat  absorbed  by  the  air  must  be  equal  to  the  heat  given 
by  the  steam,  neglecting  radiation,  we  have 

VBC  (h-t)=H-h  +  32,  (176) 

m  which 

H  -ft +  82 

Y        BCih-t)  K      J 

?or  practical  purposes  C  may  be  taken  as  the  specific  heat  of  dry  air, 
*  error  due  to  this  assumption  being  negligible  even  if  the  air  is  satu- 
ed  with  moisture. 

Example:  How  many  cubic  feet  of  air  are  necessary  to  condense  and 
>1  one  pound  of  steam  under  the  following  conditions:   Vacuum  20 
hes;  temperature  of  entering  air,  leaving  air,  and  condensed  steam, 
110,  and  140  degrees  F.  respectively? 

3ere         H  =  1130  (from  steam  tables), 

h  =  HO,  h  =  140,  t  =  60,  C  =  0.24,  B  =  0.075. 

Substituting  these  values  in  equation  (177), 

lT  1130-140  +  32  110C     ,.    .    .    .   . 

V  =  0.075X0.24  (110  -60)  =  1 135  cubic  feet  of  air  necessary  to  con- 

ise  one  pound  of  steam  under  the  given  conditions. 

Hie  proper  area  of  cooling  surface  depends  upon  the  value  of  the 

fficient  of  heat  transmission,  which  varies  with  the  velocity  and 

nidity  of  the  air  and  character  of  the  cooling  surface.     Accurate 

a  are  not  available  on  this  point. 

l  few  experiments  made  at  the  Armour  Institute  of  Technology 

e  values  of  U  =  10  to  25  B.t.u.  per  hour,  per  square  foot,  per  degree 

erence  in  temperature  for  air  velocities  of  500  to  4000  feet  per 

.ute  for  corrugated-steel  sheeting  J  inch  thick.     Hence,  substituting 

equations  (175)  and  (177)  we  get,  for  the  above  example,  S  =  1.5 

are  feet  of  cooling  surface  per  pound  of  steam  condensed  per  hour 

air  velocity  of  4000  feet  per  minute,  and  S  =  3.7  square  feet  for  a 

>city  of  500  feet  per  minute. 

£.  Saturated-air  Surface  Condensers  (Natural  Draft). — Fig.  324  shows 

iical  and  horizontal  sections  of  a  Pennel  saturated-air  surface  con- 

ser.     The  apparatus  consists  of  an  upright  cylindrical  shell  contain- 

a  number  of  vertical  4-inch  steel  tubes  through  which  air  is  drawn 

natural  draft.     A  centrifugal  pump  circulates  about  one  half  gallon 

rater  per  horse  power  per  minute  from  a  cistern  below  the  condenser. 

i  water  flowing  over  the  upper  tube  sheet  and  then  descending  the 

3S  by  gravity  forms  a  film  over  their  entire  interior  surface. 

he  condensing  action  is  as  follows:    The  current  of  exhaust  steam 

jring  the  side  of  the  shell  at  .1  is  caused  by  suitable  baffle  plates  to 
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TABLE  82  (Continued). 

|)B  temperature  of  city  water 52     degrees  F. 

m  temperature  of  outside  air 62     degrees  F. 

j|B  temperature  of  saturated  air 106     degrees  F. 

(§B  draft  in  stack  of  condenser 1.1  inches 

jgfi  humidity  of  outside  air 67  per  cent 

|p  amount  of  steam  condensed  per  hour 7950  pounds 

j|Q  amount  of  circulating  water  used  per  hour 114,600  pounds 

fee  amount  of  city  water  used  per  hour 3462  pounds 

Ib  of  city  water  per  pound  of  steam 2.3 

b  of  circulating  water  per  pound  of  steam 14.4 

ge  horse  power  of  engine 569.7 

,  pounds  per  i.h.p.  per  hour 13.95 

power  required  to  run  air  pumps 10.5 

power  required  to  run  circulating  pumps 3.0 

using  surface,  square  feet 3900 

B  of  steam  condensed  per  square  foot  surface  per  hour 2038 

<eter 28.58  inches 

tension  corresponding  to  123.7  degrees 3.82  inches 

at  of  main  engine  steam  used  by  auxiliaries 2.38 

;.  325  illustrates  the  Pennel 
z"  type  of  atmospheric  con- 
r.  The  exhaust  steam  enters 
f  and  follows  the  zigzag 
e  bounded  by  the  internal 
channels,  condensing  as  it 
and  driving  before  it  the 
cmdensable  gases  to  the  out- 
i  the  top.  The  condensed  c 
t  gravitates  to  the  bottom 
hence  to  the  hot  well.  The 
f  the  flask  is  trough  shaped   J 

Sauses  the   Cooling  water   to   Fio.  325.    Pennel  Flask  Type  of  Saturated-air 
fawn  the  Sides  of  the  flask  in  Surface  Condenser. 

i  stream.     The  portion  of  the  cooling  water  not  evaporated  collects 
5  bottom  of  the  flask  and  flows  to  the  cooling-water  reservoir. 
.  Evaporative  Surface  Condensers.  —  An  evaporative  surface  con- 
r  consists  of  a  number  of  copper,  brass,  wrought-  or  cast-iron 

arranged  horizontally  or  vertically  and  connected  to  manifolds 
ambers  at  each  end.     The  exhaust  steam  passes  through  the 

and  a  thin  film  of  water  is  allowed  to  flow  over  the  external 
ies.  The  cooling  effect  is  brought  about  by  the  evaporation  of 
of  the  circulating  water,  and  the  general  principle  of  operation 
j  same  as  that  of  the  saturated-air  condenser  described  oK/v' 
wation  is  sometimes  hastened  by  constructing  a  flue 
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tubes,  thereby  creating  a  natural  draft,  or  by  means  of  fans.  With 
horizontal  cast-iron  tubes  and  natural  draft,  vacua  from  23  to  27  incba 
are  readily  maintained  with  a  cooling  surface  of  approximately  eight 
tenths  square  foot  per  pound  of  steam  condensed  per  hour.  With 
vertical  brass  tubes  and  fan  draft  8  pounds  of  steam  per  hour  per 
square  foot  of  cooling  surface  is  not  an  unusual  figure.  The  amount 
of  cooling  water  evaporated  per  pound  of  steam  varies  from  eight 
tenths  to  one  pound,  depending  upon  the  draft.  The  power  necessary 
to  operate  the  pumps  and  fans  varies  from  1  to  10  per  cent  of  the  total 
output  of  the  plant.  For  an  interesting  discussion  of  evaporative  con- 
densers the  reader  is  referred  to  the  admirable  article  by  Oldham  in  the 
Proceedings  of  the  Institute  of  Mechanical  Engineers,  1899,  and  re- 
produced as  a  serial  in  Engineering  (London),  April  28  to  June  30, 1899. 
The  following  test  of  a  vertical  cast-iron  tube  evaporative  surfa 
denser  (Table  83)  will  give  some  idea  of  the  performance  of  th 
of  condenser.  This  condenser  consisted  of  two  rows  of  4-inch  vt 
cast-iron  pipes  connected  at  the  top  by  U  bends  and  at  the 
cast-iron  manifolds.  A  perforated  iron  trough  distributes  the 
Over  the  center  of  the  bend  and  causes  it  to  flow  in  a  this  af) 
the  surface  of  the  tubes.  A  wet-air  pump  is  used  for  withdraw)] 
condensed  steam  and  air.     No  fan  is  used  for  hastening  erwq 


TEST  OF  A  CAST-IRON.  VERTICAL -TUBE,  EVAPORATIVE  SURFACE   OBI 
NATURAL    DRAFT. 

Sept.  12 
Wet 

29.8 
t 
272 

99 
800 

60 
1830 
600 

23. 36 
117.5 
198.4 

58 
136.5 
4S5 
67S8 
364 

1.8 

0.75 

Initial  temperature  of  circulating  "t>er. 

Weijfht  of  Hteom  condensed  per  hour,  pounds  .  . . 

Weight  of  w:it or  circuit*  tni  per  hoar,  pounds 

Weight  of  "  niiikc-up  "  water  added  per  hour.  .  . 
Weight  of  steam  condensed  ]icr  square  foot  of 

Weigh!  of  "make-up"  water  per  pound  of  steam 

graph  27  for  evaporative  surface  condenser 
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loratiue  Ctmdeiuen:  Engr,  Loud.,  May  5,  1899,  pp.  432,  442,  447;  Engineer- 
ly  19, 1899,  p.  661,  June  2, 1899,  p.  721,  June  30, 1899,  p.  861;  Trans.  A.S.M.E., 
;  Power,  Nov.  16,  1909;  Prac.  Engr.  IT.  S.,  June,  1910,  p.  346. 

Location  and  Arrangement  of  Condensers.  —  In  the  modern 
'  house  one  sees  two  general  arrangements  of  condensers  and 
aries: 

The  independent  or  subdivided  system,  in  which  each  engine  or 
■e  is  provided  with  its  own  condenser,  air  and  circulating  pumps. 
The  central  system,  in  which  the  condensers  and  auxiliaries  are 
ed  together.     Ordinarily  one  condenser  suffices  for  all  engines. 


Fin.  32fi.     Jet  Condenser  Located  Be 


KTldl,.- 


Independent  System.  —  The  condenser  i.s  usually  placed  close 
below  the  engine  so  that  all  condensation  may  gravitate  into  it. 
326  and  329  show  an  application  of  this  system  with  jet  con- 
Here  each  condenser  receives  its  supply  of  cooling  water  from 
injection  pipe  ami  discharges  into  a  main  overflow  pipe.     The 
at  pipe  leading  to  the  condenser  is  by-passed  through  a  suitable 
ipheric  relief  valve  to  a  main  free  exhaust  header  so  that  the 
s  may  operate  non-condensing  in  case  the  vacuum  breaks  or  the 
nser  is  cut  out.     The  chief  feature  of  this  arrangement  is  its 
ility,  as  each  unit  is  complete  in  itself  and  independent  of  the  others. 
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By  far  the  greater  number  of  central  stations  are  equipped  with  ii 
pendent  condensers. 


Flu.  327.    Jet  Condenser  Located  Above  Engine-room  Floor. 


Occasionally  a  jet  condenser  is  located  on  the  same  level  with  t 
engine  or  even  above  it,  Fig.  327,  but  such  a  location  should  be  avokl 
if  possible,  as  it  usually  necessitates  a  larger  number  of  bends  s 


joints 
drain  ■ 


diaust  pipes 
isibility  .if  ah 
it<>  thf  comic 


hail  the  basement  arrangement,  and  ■ 
leakage  If  the  exhaust  pipe  does  ri 
st*r,  th'  "  Doint  in  the  piping  bdO" 
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rays  be  provided  with  a  drip  which  should  be  opened  when  the  engine 
shut  down,  as  condensation  and  leakage  are  apt  to  fill  the  pipe  with 
iter  if  the  engine  stands  for  any  length  of  time.  The  end  of  the  drip 
ould  be  connected  so  that  water 
onot  be  drawn  back  through 
e  drip  pipe  and  into  the  engine 
linder.  The  length  of  exhaust 
x  and  particularly  the  number 
bends  between  engine  and  con- 
usor should  be  kept  as  small 
possible,  otherwise  the  engine 
iy  not  derive  the  full  benefit  of 
:  vacuum  in  the  condenser.  A 
« is  recorded  where  the  exhaust 
>ing  and  appurtenances  in  con- 
;tion  with  a  5000-horse-power 
ane  caused  a  drop  of  several 
hes  in  vacuum  between  condenser  and  exhaust  opening  of  the  low- 
assure  cylinder.  (National  Engineer,  December,  1906,  p.  10.)  The 
t-air  pump  must  always  be  located  below  the  condenser  chamber  so 
tt  the  condensation  may  gravitate  to  it. 


Flo.  330.     Westinghousc-Leblanc  Condenser  Installation  Engine. 

Kg.  328  shows  the  arrangement  of  a  surface  condenser  with  com- 
led  air  and  circulating  pump  in  connection  with  a  horizontal  era 
mpound  engine.     The  condenser  and  appurtenances  are  placed  bekr 
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the  engine,  thereby  permitting  the  condenser  to  be  closely  connect 

to  the  engine. 


Fig.  331.     Surface  Condenser  willi  Leblmie  Pumps. 


Fig.  329  shows  the  arrangement  of  a  surface  condenser  in  conuertioi 
with  a  pumping  engine.  The  condenser  is  placed  in  series  with  tbt 
pump  suction. 


„*A   A      , 


Central  .Systems.  —  In  the  central  condensing  systems  the  « 
denser  is  located  at  any  convenient  point  and  the  exhaust  from  silt* 
engines   piped   to  it.     Any  arrangement  of  condenser   and  ; 
machinery  may  be  adopted  which  will  favor  the  lowest  cost  of  it 
tion  and  expense  of  operation.     Except  where  continuity  of  o 
is  absolutely  essential,  only  one  circulating  pump  and  one  air  p 
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are  installed.  This  reduces  the  number  of  auxiliary  pumps  and  appli- 
ances to  a  minimum,  with  a  consequent  decrease  in  first  cost  and  main- 
tenance. With  properly  designed  exhaust  piping  the  condenser  mar 
be  located  at  a  considerable  distance  from  the  engine  without  undue 
loss  of  vacuum. 

Central  condensers  have  found  great  favor  in  power  plants  in  whiti 
the  individual  units  are  subjected  to  extreme  variations  in  load,  as  in 
rolling  mills.  At  the  works  of  the  Illinois  Steel  Company,  South  Chiajj 
III.,  one  condenser  takes  care  of  the  steam  from  15,000  horse  power  a 
engines  in  the  rail  mill,  and  another  condenses  the  steam  from  the 
1. 5,000  horse  power  of  engines  in  the  Bessemer  steel  mill.  A  nut*M* 
installation  of  this  system  in  connection  with  street-railway  work 
in  the  power  house  of  the  Northwestern  Elevated  Company,  f'tiiosi, 
where  a  single  condenser  takes  care  of  Hie  exhaust  steam  of  five  engine 
11,000  horse  power  in  all.  Fig.  333  shows  the  general  arrange! mui  i 
this  installation. 

For  a  comparison  of  the  advantages  and  disadvantages  of  the  uA 
pendent  and.  central  systems  see  Engineering  Magazine,  October,  1904 
p.  56,  Engineering,  London,  June  23,  1899,  p.  615,  and  Engineering,  July 
17,  1903. 

281.  Power  Consumption  of  Condenser  Auxiliaries.  —  In  estiniilbg 
the  cost  of  producing  vacua  with  the  different  types  of  auxili.1 
steam  driven,  electrically  driven,  or  belted,  the  power  consurnpti'm  i> 
most  conveniently  expressed  in  terms  of  the  equivalent  heat  cowtmptifi* 
of  the  auxiliary  in  question  and  not  the  indicated  or  developed  powtf, 
For  example,  suppose  a  power  plant  has  a  number  of  1200-i.h.n.  iripn« 
direct  connected  to  800-kilowatt  generators  and  that  the  engines  ast 
20  pounds  of  steam  per  i.h.p.  hour  at  rated  load;  furthermore  suppu* 
the  engine  driving  the  air  pump  (jet  condenser)  to  indicate  24  bur* 
I>ower.     Now,  it  is  manifestly  incorrect  to  say  that  the  power  rofr 

24 

sumption  of  the  air  pump  is  equivalent  to  r.^i  —  2  per  cent  of  tlx 

main  engine  power  unless  the  engine  driving  the  air  pump  uses  31 
pounds  of  steam  per  i.h.p.  hour.     As  a  matter  of  fact  the  small  apt 
probably  uses  30  to  40  pounds  or  more  of  steam  per  i.b.p.  hour,  and  ll» 
true  power  consumption  is 
24  X30 
1200  X  20 


■  =  3  per  cent,  or  more. 


If  the  exhaust  steam  is  piped  to  the  condenser,  then  all  of  this  3 P" 
cent  or  more  should  be  charged  against  the  condenser;  if  the  sIcM' 
piped  to  a  heater,  then  only  the  difference  between  the  heat  «itein| 
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tie  small  engine  and  that  given  up  to  the  feed  water  should  be  charged 
gainst  it.  For  example,  suppose  the  engine  in  the  preceding  examples 
ees  30  pounds  of  steam  per  i.h.p.  hour  when  running  condensing 
ad  40  pounds  when  operating  non-condensing.  Let  the  initial  steam 
■ressure  be  150  pounds  and  feed-water  temperature  120  degrees  F. 
fhen  the  air  pump  is  running  condensing.  If  the  boiler  feed  is  not 
aken  from  the  hot  well,  the  heat  in  the  exhaust  steam  is  lost  so  far  as 
be  economy  of  the  plant  is  concerned,  and  the  heat  consumption  per 
h.p.  hour  is  30  j  I 193.6  -  (120  -  32)  J  =  33,168  B.t.u.  This  repre- 
aits  the  cost,  in  heat  units,  of  producing  the  vacuum,  and  is  equivalent 
>  3  per  cent  of  the  main  engine  output. 


! 

OUTPUT 
Clllniu  Uglit,  Bmi  and  IVwei  Oo. 

pot  Kof^munoompuir.ll.r. 

B 

.-»• 

- 

1  1  1  1  1 

: 

aUJI 

1 

i 

r-J-^.m      ■         ! 

— 1= 

»| 

.-_ 

B 

I 

8, 

r~^~ 

1  M  !  il  !  1 1 1  1  i— h^ 

1  M  II 

too        mo        boo        no 

UU1K.H.F. 

Flo.  334. 

If  the  air  pump  runs  non-condensing  and  the  exhaust  steam  is  piped 
the  heater,  each  pound  of  exhaust  steam  gives  up  approximately 

0  B.t.u.  per  hour  to  the  feed  water  and  the  temperature  of  the  latter 
raised  from  120  to  180  degrees  F.     The  heat  entering  the  air  pump 

40J  1193.6  -  (120 -32)!  =44,224    B.t.u.    per    i.h.p.    hour.     But 

1  X  950  =  38,000  B.t.u.  arc  returned  to  the  feed  water.  Hence 
,224  —  38,000  =  6224  is  the  net  heat  consumption  of  the  air  pumps 
r  i.h.p.  hour.  This  corresponds  to  approximately  0.55  per  cent  of 
e  main  engine  output. 

In  the  preceding  example  suppose  the  air  pump  to  be  motor  driven 
d  that  it  requires  20  electrical  horse  power  per  hour.     This  will  be 


e  equivalent  of   ■ 


21) 


=  26.2  i.h.p.  of  the  main  engine  on  the 


0.85  X  0.90 

Sumption  that  the  efficiency  of  the  small  motor  is  85  per  cent  and  that 
the  engine  and  generator  combined  90  per  cent.  The  power  required 
'  the  air  pump  will  be  26.2  •¥  1200  =  2.2  per  cent  of  the  total  output. 
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In  practice  the  auxiliaries  use  the  equivalent  of  from  I  to  15  per  «nt 
of  the  main  engine  or  turbine  steam,  depending  upon  the  size  of  the  plant, 
character  and  number  of  auxiliaries,  and  the  conditions  of  operation. 

Table  84  gives  the  power  consumption  of  the  condenser  auxiliirii 
in  a  number  of  installations.  Fig.  334  shows  the  relation  Imtuni  tlte 
power  consumption  of  the  auxiliaries  and  the  total  output  of  the  station 
at  different  loads  for  a  Parsons  steam-turbine  installation,  and  Fig.  331 
shows  a  similar  relation  for  a  2000-kiiowatt  Curtis  turbine.  (J.  B. 
Bibbins,  Power,  January,  190.5.) 


1    1    1    II    1    1    1    1    1    1    1    1   1 

1 

I'OWEiLO-iNKrjllTlrjS  or  AUXILIARIES 
La  Purchue  Kipmllkm 

a 

III! 

3 

V, 

JJJ 

-^ 

■ 

£ 

-^ 

i 

0 

to 

(' 

i 

i..( 

o 

4 

a 

'.'.'.".: 

Flo.  335. 

W2.  Cost  of  Condensers.  —  The  following  figures  give  an  idea  o 
the  relative  coats  of  the  different  types  of  condensers  and  auxiliari 
for  a  1000-i.h.p.  plant  using  20  pounds  of  steam  per  i.h.p.  hour  at  n 
load,  or  a  total  of  20,000  pounds  per  hour.  Vacuum  to  be  maintainnl, 
26  inches,  unless  otherwise  stated;  temperature  of  cooling  * 
70  degrees  F.;  hot-well  temperature,  105  to  120  degrees  F.;  distant* 
between  engine  exhaust  opening  and  mean  level  of  intake  well,  1(1  f«t 


Siphon  Condcntera. 

1   16"  siphon  condenser  with  6"  i 
vertical  engine 


rifuga]  pump  driven  by  6"  by  fi 


J  (I  Contlen*ers. 

1   11"  by  22"  by  24"  jet  condenser  with  single  horizontal  direct-acting 

1   16"   by   21"   by   18"  jet  condenser  with   single   vertical  direct-acting 

1  11"  by  24"  by  1!*"  jet  condenser  with  single  vertical  flywheel  vncuutn 
pump 

1  12"  by  17"  by  22"  by  25"  jet  condenser,  single  horizontal  direct- 
acting  compound  pump , -«J^H 
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Barometric  Condensers. 

1  barometric  condenser,  10"  by  16"  by  12"  horizontal  single-cylinder 
rotative  dry-air  pump;  8"  horisontal  volute  centrifugal  pump 
direct  connected  to  23-horse-power  high-speed  engine 

1  barometric  condenser,  16"  by  16"  dry-air  pump  direct  connected  to 
9"  by  16"  steam  engine;  positive  rotary  pump,  for  circulating 
cooling  water,  belted  to  above  engine...   

Surface  Condensers. 

1  surface  condenser,  1026  square  feet  cooling  surface,  mounted  over 
7}"  by  14"  by  14"  by  12"  combined  air  and  circulating  pump. . . 

1  surface  condenser,  1025  square  feet  cooling  surface,  with  7J"  by  12" 
by  12"  horisontal  air  pump,  direct  acting,  and  6".  centrifugal 
pump  driven  by  5"  by  6"  engine 

1  surface  condenser,  1025  square  feet  cooling  surface;  5"  by  12"  by 
10"  Edwards  single-cylinder  air  pump  and  6"  centrifugal  pump 
driven  by  a  5"  by  5"  engine;  m«nmnm  28",  referred  to  30" 
barometer 

1  surface  condenser,  1025  square  feet  cooling  surface;  6"  by  8"  rotatm 
dry-air  pump;  6"  by  6"  Edwards  wet-air  pump  and  6"  centrifugal 
pump  driven  by  5"  by  5"  engine;  maximum  vacuum  29"#  referred 
to  30"  barometer  (temp,  cooling  water  50  degrees  F.) 

Westinghouse-LeUanc  Jet  Condenser. 

1  jet  condenser  with  turbine-driven  pumps,  20,000  pounds  steam  per  hour, 
26"  vacuum,  70  degrees  F.  inlet  water 

1  jet  condenser  with  turbine-driven  pumps,  •  20,000  pounds  steam  per 
hour,  29"  vacuum,  50  degrees  F.  inlet  water 

In  general  the  cost  of  complete  condensing  equipments  installed 
ready  for  operation  will  approximate  as  follows: 

Co0tt»rKik>frftttrf] 
Gener»tu«Urt. 

Siphon  condensers  without  air  pump $2.00  to  $3.00 

Jet  condensers 3.00  to    4JB 

Barometric  condensers  with  dry-air  pump 4.00  to    6.00 

Surface  condensers  for  26-inch  vacuum 3.50  to    5d00 

High-vacuum  surface  condensers 3.50  to  HUB 

Leblanc  jet  condensers  and  pumps 2.00  to    6iH 

The  curve  in  Fig.  336  shows  the  relative  costs  of  complete 
condensing  plants  for  steam  turbines  to  maintain  the  vacua  ii 
It  will  be  noted  how  much  more  expensive  a  high- vacuum  plant  ii 
one  designed  for  moderate  vacua.     Thus  a  27-inch  plant  costs  25 
cent  more  than  a  26-inch  plant,  and  a  28.5-inch  plant  costs  tiWJ 
much.     (J.  R.  Bibbins,  Power,  January,  1905.) 

The  real  cost  of  a  condensing  plant,  however,  is  not  limited  to  tibt 
of  condensing  auxiliaries  and  piping,  but  should  include  all  other* 
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:essitated  by  the  use  of  the  condensing  plant,  including  cost  of  extra 
tiding  space,  foundations  and  the  like,  and  the  attending  fixed  charges. 
MS.  Host  Economical  Vacuum,*  —  The  load  factor,  or  the  ratio  of 
'.  actual  yearly  load  to  the 
ed  yearly  capacity,  has  a 
irked  influence  on  the  degree 

vacuum  best  suited  for  a 

en  installation,  since  the  fixed 

irges  go  on  whether  the  plant 

-tinning  or  not,  while  the  gain 

e  to  the  higher  vacuum  is 

lized  only  when  the  engines 

i  operating.    The  higher  the 

d  factor  the  greater  is  the 

ount  of  power  produced,  the  Fl°- 336- 

ger  does  the  apparatus  operate  at  best  efficiency,  the  lower  the  ratio 

fixed  charges  to  total  operating  expenses,  and  consequently  the  lower 

t  cost  of  power  per  unit. 

rhe  load  factor  for  electric-lighting  stations  is  invariably  low  and 

iom  exceeds  35  per  cent,  with  an  average  not  far  from  18  per  cent. 

street-railway  work  it  is  higher  and  averages  about  40  per  cent.     In 

jmfacturing  plants  the  load  factor  varies  considerably,  but  as  a  rule 

somewhat  higher  than  in  either  of  the  above  cases.     Tables  85  and 

(Power,  December,  1906,  p.  769}  show  the  most  economical  vacua 

different  load  factors  for  plants  of  1000  kilowatts  capacity  with 

kditions  as  stated.     From  the  tables  it  would  seem  at  first  glance 

it,  except  where  coal  is  expensive,  all  the  plants  with  low  factors, 

per  cent  and  under,  ought  to  be  run  non-condensing.  This  in  true 
"one-engine"  installations,  but  not  necessarily  so  where  there  are 
lumber  of  engines  or  turbines.  In  the  latter  case  higher  economy 
ty  be  effected  by  providing  only  a  portion  of  the  engines  with  con- 
rising  equipment.  The  engine  carrying  the  continuous  or  day  load 
>uld  operate  condensing,  and  the  non-condensing  engine  should  carry 
5  peak  load.  In  order  that  any  of  the  units  may  be  used  for  the  day 
*k,  all  engines  could  be  connected  to  the  condenser,  but  only  those 
trying  the  day  load  should  be  operated  condensing.  Each  installa- 
11,  of  course,  must  be  considered  separately  and  due  weight  given  to 
a  various  factors  entering  into  the  problem.  For  an  excellent  article 
the  subject  see  "Condensers  for  Steam  Engines  and  Turbines," 
■wer,  December,  1906,  p.  769,  and  the  Engineer,  London,  April  13, 
06,  p.  381;  also  Proc.  A.S.M.E.,  Oct.,  1910,  p.  1579. 
*  See  also  EIoc'd,  Lond.,  Jan.  14,  1910. 
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884.  Choice  of  Condensers.  —  The  proper  selection  of 
for  a  proposed  installation  depends  upon  the  conditions  under 
the  plant  is  to  be  operated.    When  there  is  a  plentiful  and  cheap 
ply  of  good  condensing  water  suitable  for  boiler  feed,  and 
high  vacua  are  not  essential,  some  type  of  jet  condenser  will 
fce  found  most  desirable.    If  overhead  room  permits,  a  siphon  or 
metric  condenser  will  probably  be  most  suitable  and  least 
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TABLE  85. 

MOST  ECONOMICAL   VACUUM  FOR  STEAM  TURBINES. 
Vacuum  referred  to  80-Inch  Barometer. 


Load  Factor, 
percent. 

Cost  of  Coal,  Dollars  per  Ton. 

$1.50 

$2.00 

82.50 

$3.00 

'$3.N    ] 

A 

B 

A 

B 

A 

B 

A 

B 

A 

l] 

V  •  •  •  •  ••••••• 

10 

N.C. 

20 

24 

26.5 

27.5 

28 

N.C. 

N.C. 

17 

20 

24 

27.6 

N.C. 

23 

26.5 

27.3 

27.8 

28.2 

N.C. 

N.C. 

20 

23 

27 

27.0 

18 

25 

27 

27.6 

28 

28.3 

N.C. 
N.C. 
22 

25.5 
27.6 
28 

20 

26.5 

27.5 

27.8 

28.1 

28.4 

N.C. 

20 

24 

27 

27.8 

28 

22 

27 

27.7 

27.1 

28.2 

28.1 

15 

20 

Sj 

30 

a] 

50 

i  \ 

12  per* 


A.  Surface-condensing  plant;  cost  $6  per  kilowatt  of  main  generator. 
Cost  of  water  not  included.    Rated  capacity  of  generator,  1000  kilowatts* 

B.  Surface-condensing  plant,  including  cooling  towers  and  extra  coat  of  land,  ete;  e 
per  kilowatt  for  26-inch  plant,  increasing  to  $14  per  kilowatt  for  28.6-inch  plant.  Had 
12  per  cent.    No  charge  for  water.    Rated  capacity  of  generator,  1000  kilowatta. 

TABLE  86. 

MOST   ECONOMICAL   VACUUM   FOR  RECIPROCATING   ENQim 

Vacuum  referred  to  30-Inch  Barometer. 


Load  Factor, 
Per  Cent. 


10. 
15. 
20. 
30. 
50, 


Cost  of  Coal,  Dollars  per  Ton. 


$1.50 

$2.00 

$2.50 

$3.00 

SI.* 

A 

B 

A 

B 

A 

B 

A 

B 

A 
22 

n.c. 

N.C. 

15 

N.C. 

18 

N.C. 

20 

N.C. 

16 

N.C. 

20 

N.C. 

22 

N.C. 

22.5 

16 

24 

•  ■ 

22.5 

N.C. 

23 

N.C. 

23.5 

20 

24.5 

21 

» 

24 

16 

24.5 

21 

25.5 

22 

26.4 

23 

86.1 

25.5 

oo 

26.7 

23.5 

27.2 

23.5 

27.5 

26.8 

27.7 

.j 

A.  Surfnce-condensinir  plant;  cost  $7  per  kilowatt  of  main  generator. 
Cost  of  water  not  included.     Rated  capacity  of  generator,  1000  kilowatta 

B.  Surface-condensing  plant,  including  cooling  towers  and  extra  cost  of  ****!, 
kilowatt  for  20-inch  plant,  increasing  to  f  13  per  kilowatt  for  27.5-inch  plant. 
as  in  A. 
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Where  there  is  a  plentiful  supply  of  good  water  for  boiler  feed  but 
he  water  which  must  be  used  for  cooling  purposes  is  very  dirty  the 
iphon  condenser  is  preferable  to  the  barometric  form.  A  surface  eon- 
enser  may  be  used  in  the  latter  case  if  the  condensing  water  is  not 
)  dirty  as  to  seriously  impair  the  efficiency  by  coating  the  tubes  with 
diment,  and  boiler  feed  water  is  scarce. 

The  air-cooled  surface  condenser  is  employed  only  where  water  of  any 
nd  is  scarce. 

For  very  high  vacua  in  connection  with  steam-turbine  work  the  sur- 
ce  condenser  is  generally  adopted,  although  the  barometric  condenser 

connection  with  dry-air  pumps  and  the  Leblanc  type  of  condenser 
d  pumps  are  finding  favor  with  many  engineers. 
In  selecting  the  type  of  condenser  and  auxiliaries  due  weight  must 

given  to  the  load  factor,  cost  of  coal,  water,  land,  building,  interest, 
preciation  and  the  like,  as  outlined  in  the  preceding  paragraph. 
2f5.  Water-Cooling  Systems.  —  When  an  ample  supply  of  cooling 
iter  is  unobtainable,  for  natural  or  economic  reasons,  the  circulating 
iter  may  be  used  over  and  over  again  by  employing  suitable  cooling 
vices.    The  three  most  common  in  practice  are 

1.  The  simple  cooling  pond  or  tank. 

2.  The  spray  fountain. 

3.  The  cooling  tower. 

Ml.  Cooling  Pond.  —  The  water  is  cooled  partly  by  radiation  and  con- 
tction  but  principally  by  evaporation.  The  air  is  seldom  saturated 
irmally,  and  its  capacity  for  absorbing  moisture  is  increased  on  account 
its  temperature  being  raised  by  contact  with  the  warm  water  and 
r  radiation.  The  cooling  action  is  independent  of  the  depth  of  water 
id  varies  directly  as  the  surface,  the  amount  of  heat  dissipated  for 
ch  square  foot  depending  upon  the  temperature  of  the  water,  the  rehi- 
re humidity,  and  the  velocity  of  the  air  currents.  Results  of  tests  are 
ary  discordant. 

Box  in  his  Treatise  on  Heat  states  that  the  pond  surface  should  ap- 
•oximate  210  square  feet  per  nominal  horse  power  for  an  engine  work- 
g  twenty-four  hours  a  day.  (Treatise  on  Heat,  Box,  p.  152.) 
If  the  engine  works  only  twelve  hours  per  day,  the  area  may  be  re- 
iced  to  105  square  feet  per  horse  power,  because  the  water  will  cool 
ring  the  night,  but  in  that  case  the  depth  should  be  such  as  to  give  a 
pacity  of  300  cubic  feet  per  horse  power.  These  figures  are  based  on 
eduction  in  temperature  of  122  to  82  degrees  F.,  with  air  at  52  de- 
*es  F.  and  humidity  85  per  cent,  the  steam  consumption  per  nominal 
fee  power  being  taken  at  62.5  pounds.    It  appears  from  tests  that 
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under  ordinary  conditions,  in  the  northern  part  of  the  United  States 
engines  using  15  pounds  of  water  per  horse-power  hour  and  a  vacw 
26  inches,  a  reservoir  having  a  surface  of  120  square  feet  per  horse  i 
would  be  ample  for  cooling  and  condensing  water.  (W.  R.  Riij 
Proc.  A.S.M.E.,  April,  1912,  p.  607.) 

Box  gives  the  following  formula  for  the  rate  of  evaporation  in 
fectly  calm  air: 

E  =  (243  +  3.7 1)  (V  -  v),  i 

in  which 

E  =  evaporation  in  grains  per  square  foot  per  hour; 

t  =  temperature  of  the  water,  degrees  F. ; 
V  =  maximum  vapor  tension  in  inches  of  mercury  at  temperaturi 

v  =  actual  vapor  tension. 

Evaporation  is  greatly  affected  by  the  force  of  the  wind  and  v; 
from  2  to  12  times  the  amount  determined  from  equation  (178). 

Example:  How  many  pounds  of  water  will  be  evaporated  per  sq 
foot  per  hour  from  a  pond  with  the  temperature  of  the  water  and 
80  degrees  F.;  air  perfectly  calm;  barometric  pressure  29.5  inches 
relative  humidity  70  per  cent? 

The  maximum  vapor  tension  at  temperature  of  80  degrees  is 
inches  of  mercury.     The  actual  vapor  tension  will  be 

1.02  X  0.70  (  =  relative  humidity)  =  0.714. 

Substitute  these  values  in  equation  (178). 

E  =  (243  +  3.7  X  80)  (1.02  -  0.714) 
=  165  grains  per  square  foot  per  hour 
=  0.023  pound  per  square  foot  per  hour. 

If  the  temperature  of  the  water  were  130  degrees  F.  and  that  of 
surrounding  air  80  degrees  F.,  humidity  70  per  cent,  the  evaporat 
would  be 

E  =  (243  +  3.7  X  80)  (4.5  -  0.714) 
=  2040  grains  per  square  foot  per  hour 
=  0.291  pound  per  square  foot  per  hour. 

Here  4.">  =  maximum  vapor  tension,  corresponding  to  a  temperatB 
of  130  decrees. 

267.   Spray    Fountain.  —  From    equation    (178)    we    see  that  4 
under  the  most   favorable  circumstances  an  enormous  pood  *ukm 
necessary.     To  facilitate  evaporation  with  a  view  tow 
size  of  the1  pond,   the  hot  circulating  water  is  som< 
through  pipes  and  discharged  through  nozzles,  falli 
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I  in  a  spray.  The  following  data  pertains  to  the  spray-fountain 
on  at  the  power  plant  of  the  Chattanooga  Electric  Company, 
x>ga,  Tenn.  (Street  Railway  Review,  March  15,  1905.) 
ling  the  power  house  a  pond  150  X  300  feet  was  excavated  to 
of  4  feet,  the  level  of  the  water  being  S  feet  below  the  con- 
Circulating  water  returned  from  the  condensers  is  distributed 
a  set  of  pipes  provided  with  42  nozzles  through  which  the  water 
irged  upwards.  The  rectangle  defined  by  the  center  lines  of 
rmost  pipes  is  98  feet  by  125  feet.  The  pipes  are  supported  on 
■rs  spaced  at  intervals  of  about  20  feet  in  each  direction.    The 


fell 


mm 

jjzt:  Tii — 


e  opening  of  the  nozzles  is  lj  inches  in  diameter,  and  the  in- 
provided  with  a  spiral  core  so  that  in  its  passage  the  water 
a  rotary  motion,  the  effect  of  which  is  to  greatly  increase  the 
:  action.  The  nozzles,  except  on  the  extreme  outer  lines  of 
ire  placed  in  pairs  with  the  axes  in  a  vertical  plane  at  right 
i  the  center  line  of  the  supply  pipe,  the  axis  of  each  nozzle  mak- 
ngle  of  30  degrees  with  a  vertical  plane  through  the  center  of 
ily  pipe.  The  effect  of  each  pair  of  nozzles  is  to  throw  a  mass 
to  the  height  of  about  15  feet,  which  in  falling  covers  an  area 


ly  across  the  pond  near  one  end  provides  a 
vater  is  conducted  to  the  suction  chamb* 
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the  object  being  to  draw  the  supply  from  distant  parte  of  the  pnd  to 
give  greater  time  for  cooling.  The  "make-up"  water  is  supplied bj 
wells.  The  operation  of  the  cooling  pond  for  a  warm  month  and  fori 
cold  month  is  shown  in  Fig.  337.  Readings  were  taken  at  three-hx 
intervals.  The  pond  supplies  the  circulating  water  for  three  3081 
square-feet  Worthington  surface  condensers. 

Cooling  Condensing  Water  by  Meant  of  Spray  Naaiea:  Power,  July  1, 1906,  p.  It 

M8.  Cooling  Toweri.- 
cooling  tower  consists  of  i 
wooden  or  sheet-iron  1 
open  at  the  top  and  botfea 
and  bo  arranged  that  the  habJ 
cooling  water  may  be  d 
to  the  top  and  distributed  i 
such  a  manner  that  it  falls  ■ 
thin  sheets  or  sprays  into  I 
reservoir  at  the  bottom;  ah- 1 
the  same  time  being  dnni 
at  the  bottom  by  natunloV 
or  forced  in  by  a  fan.  T 
water  gives  up  its  heat  to  tht 
ascending  current  of  air  Of 
evaporation  and  conduct**, 
the  latter,  however,  bang  i 
relatively  small  factor.  If  to 
air  supply  is  dependent  entirrfr 
upon  convection,  the  system* 
known  as  the  natural-draft  of  ; 
flue  cooling  tower;  if  the  u 
forced  into  the  tower  by  bn, 
it  is  called  a  fan  cooling  to**  , 
The  different  types  vary  pa 
ctpally  in  the  method  of  nM  j 
distribution.  Fig.  338  iB»  t 
t  rates  the  Barnard  « 
tower,  in  which  the  i 
°'"c "™"  water  is  broken  up  by  vertialj 

F.o.MS.    B,ZHv.,H.c.di.,T.«,.      suspended galvanued »     ' 

cloth  mats,  causing  it  to  tn 

in  thin  sheets  to  the  Ixittom.     A  similar  result  is  brought  about! 

Worthington  tower,  Fig.  339,  by  pieces  of  terra-cotta  pipe  6  iadV 
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and  two  feet  long  placed  on  ends  in  rows.  In  the  standard  type 
■ger  cooling  tower  the  water  trickles  down  the  sides  of  swamp- 
wards  arranged  in  honeycomb  fashion.     In  the  Alberger  im~ 

je  the  fan  is  placed  at  the  top  of  the  tower  with  its  shaft  in  a 

nation.     The  fan  is  operated  by  a  Pelton  water  wheel  which 

its   power  from  a 

ump.    No  oil  lubri- 

employed,  and  the 
g  mechanism  is  con- 

nliri'ly  from  the 
oom.     In  the  Jenni- 

ig  tower  the  water 

d  into  a  rain  of' 
ronstantly   retarded 

■all  by  a  series  of 
«1  4  X  4-inch  gal- 
-iron  trays  arranged 

on  tal     rows     and 
vertically. 

.he  best  forms  of 
owers,  under  aver- 

fionfl,  tlie  tempera- 

c  circulating  water 

ily  be  reduced  from 

degrees  with  a  loss 
■eeding  3   or  4  per 

le  total  quantity  of 
tossing   through  the 

The    power    con- 

the  fan  in  a  forced- 

mratus  averages  2 

Of  that  developed 

main    engines,    for 

mum  requirements 
Homer  months,  and 

cent    during    the 

Fith  339.     Worthinjtoa  lurjtiug  Tower. 

Dcation  of  the  tower  may  be  on  the  engine-room  Hour,  on  top  of 

lag,  or  in  the  yard,  the  latter  being  the  most  adaptable.    It 

any  reasonable  distance  From  the  engine  and  condenser.     Kg, 

i  a  typical  installation  of  Worthington  condenser  and  cooling; 
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Uel  Comparison  of  Fan  and  Natural-draft  Cooling  Towers. 

Fan.  Natural  Draft. 

Size. 

Dreed  draft  providing  suffi-      Large   draft  being  necessarily  small,  a 
velocity  to  effect  evapora-         larger  area  must  be  provided  to  per- 
form same  work, 
ed,  because  loss  from  back      Height  is  an  advantage   because    the 
creases  with  the  height.  tower  operates  on  the  principles  of  a 

y  short  and  of  large  area.  chimney. 

Power  Consumption. 

at   of   station  output   and      None, 
lepending  upon  the  type  of 
and  the  conditions  of  oper- 

Localion. 

tside.    Can  operate  in  any  Outside  only,  unless  exceptionally  good 

rhere  sufficient  head  room  draft  is  obtainable, 

ipply  are  available.  Preferably  in  the  open  where  advantage 

lapted  to  inconvenient  loca-  may  be  taken  of  prevailing  winds, 
roofs,    upper  decks,  boiler 

Conditions  of  Atmosphere. 

dy  little    affected   by  tern-      Largely  affected    by  temperature    and 
considerably  by  humidity,  humidity  and  wind.     Draft  increased 

by  winds.  by  steady  winds. 

Conditions  of  Operation. 

dly  adapted  for  heavy  con-      Especially  adapted  for  light  summer  and 
uty  the  year  round,  as  in  heavy  winter  duty,  as  in  electric-light- 

or  mills.  ing  plants. 

First  Cost  and  Cost  of  Operation. 

sater  on  account  of  mechan-      First  cost  small  by  reason  of  simplicity 
•uction  and  necessary  aux-  and  construction. 

First  cost  largely  dependent  upon  ma- 
•ation  dependent  upon  type  terials  used  in  interior  construction. 

y  and  conditions  of   opera-      Cost    of    operation    limited    to     fixed 

charges. 

owersfor  Steam  and  Gas  Power  Plants:  Trans.  A.S.M.E.,  Vol.  31,  p.  725, 


rometry.  —  The  degree  of  saturation,  or  relative  humidity, 
y  determined  from  the  difference  in  reading  of  a  wet-  and  a 
lermometer,  thus:  If  the  air  is  saturated  with  aqueous  vapor 
tion  takes  place  from  the  wet  bulb  and  the  two  thermometers 
cal  readings;    but  if  it  is  unsaturated,  evaporation  o 
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TABLE  87. 

PROPERTIES  OF  SATURATED  AIR.    (BAROMETER 
Mixtere  of  Air  Saturated  with  Water  Vapor. 


.) 


Weight  of 
lOOOCu.  Ft. 
of  Dry  Air, 

Pound*. 

Volume  of 

One  Lb.  of 

Dry  Air, 

Ca.  Ft. 

Elastic  Force 

of  Vapor,  Ins. 

of  Mercury 

(Marka* 

Davit). 

Elastic  Foroa 

of  the  Dry  Air 

in  the  Mixture, 

Ins.ofMer- 

onry. 

Weight  of  1000  Ce.Fl 

Tem- 

tore,  de- 
grees F. 

Weight  of 

the  Dry 

Air,  Cob- 

teat. 

Weight  of 

the  Vapor, 

Coeteet. 

1 

2 

3 

4 

5 

6 

7 

0 

86.35 

11.58 

♦0.044 

29.88 

86.23 

0.081 

10 

84.51 

11.83 

•0.060 

29.85 

84.31 

0.125 

20 

82.75 

12.08 

•0.107 

29.81 

82.44 

0.180 

30 

81.06 

12.33 

•0.156 

29.76 

80.62 

0.273 

32 

80.73 

12.39 

0.180 

29.74 

80.24 

0.304 

36 

80.24 

12.46 

0.203 

29.72 

79.70 

0.340 

40 

79.43 

12.59 

0.248 

29.67 

78.77 

0.410 

45 

78.64 

12.72 

0.300 

29.62 

77.86 

0.492 

60 

77.88 

12.84 

0.362 

29.56 

76.94 

0.587 

65 

77.12 

12.97 

0.436 

29.48 

75.08 

Q.700 

00 

76.38 

13.09 

0.522 

29.40 

75.05 

0.828 

62 

76.08 

13.14 

0.560 

29.36 

74.66 

0.885 

65 

75.65 

13.22 

0.622 

29.30 

74.08 

0^77 

70 

74.94 

13.34 

0.739 

29.18 

73.06 

1.15 

72 

74.65 

13.40 

0.790 

29.13 

72.68 

1.22 

75 

74.24 

13.47 

0.873 

29.05 

72.06 

1.35 

80 

73.55 

13.60 

1  03 

28.89 

71.01 

1.57 

85 

72.87 

13.72 

1.21 

28.71 

69.92 

1.83 

90 

72.21 

13.85 

1.42 

28.50 

68.78 

2.13 

95 

71.56 

13.97 

1.66 

28.26 

67.59 

2.47 

100 

70.92 

14.10 

1.93 

27.99 

66.34 

2.85 

105 

70.29 

14.23 

2.24 

27.69 

65.05 

3.28 

110 

69.67 

14.35 

2.59 

27.33 

63.64 

3.77 

115 

69.07 

14.48 

2.99 

26.93 

62.16 

4.31 

120 

68.47 

14.61 

3.44 

26.48 

60.60 

4.92 

125 

67.88 

14.73 

3.95 

25.97 

58.92 

5.61 

130 

67.31 

14.86 

4.52 

25.40 

57.14 

6.37 

135 

66.74 

14.98 

5.16 

24.76 

55.23 

7.21 

140 

66.19 

15.11 

5.88 

24.04 

53.18 

8.14 

145 

65.64 

15.23 

6.67 

23.25 

51.01 

9.18 

150 

65.10 

15.36 

7.57 

22.35 

48.63 

10.32 

155 

64 .  57 

15.49 

8.55 

21.37 

46.12 

11. O/         | 

160 

64.05 

15.61 

9.65 

20.27 

43.39     j 

12.96 

165 

63.54 

15.74 

10.86 

19.06 

40.47     ; 

14.48 

170 

63 .  04 

15.86 

12.20 

17.72 

37.33     j 

16.14 

175 

62 .  54 

15.99 

13.67 

16.25 

33.96 

17.96 

ISO 

62.05     , 

16.12 

15.2!) 

14.63 

30.34 

19.94 

1N5 

61.57 

16.24 

17.07 

12.  S5 

26.44 

22.10      , 

100 

61.09 

16. 3S 

10.02 

10.  IK)       ] 

22.26 

24.44      ■ 

105 

60.63 

16.50 

21.15       | 

y     —              1 
O.  i  4 

17.17 

27.00 

200 

00  17 

16.62 

23 .  47 

6 .  45 

12.97 

29.76 

205 

50  71 

16.74 

26.00 

3 .  02 

7. 82     : 

32.76 

210 

50  27 

16.S6 

2S .  76 

1.16 

2.30     ! 

35.97 

212 

59.09 

16.02 

20.02       . 
•  i: 

0 

0 

37.32 

i*i»nault. 
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TABLE  87  (Continued) . 


Weight  of 
Water  Neces- 
sary to  Satu- 
rate 100  Lbs. 

Cu.  Ft.  of 

B.t.u.  Ab- 

B.t.u. Ab- 

Cu. Ft.  of 

Cu.  Ft.  of 

ioof 

Vapor  from 

sorbed  by 
1000  Cu.  Ft. 

sorbed  by 
1000  Cu.  Ft. 

Dry  Air 

Saturated 

Tem- 

Mr to 

One  Lb.  of 

Warmed 

Air  Warmed 

pera- 

ter 

Water  at  Pres- 

of Dry  Air 

of  Saturated 

One  Degree 

One  Degree 

ture  De- 

»r. 

of  Dry  Air. 

sure,  as  in 

per  degree 

Air  per 

F.,  per 

F.,  per 

grees  F. 

Column  4. 

F.f 

Degree  F.J 

B.t.u.  t 

B.t.u.i 

i 

10 

11 

12 

13 

14 

15 

16 

0 

0.094 

20.51 

20.52 

48.75 

48.74 

0 

0 

0.148 

20.07 

20.08 

49.80 

49.79 

10 

0 

0.229 

19.65 

19.67 

50.89 

50.84 

20 

) 

0.338 

19.25 

19.27 

51.94 

51.89 

30 

> 

0.379 

3294.0 

19.17 

19.19 

52.16 

52.11 

32 

0.468 

2938.0 

19.06 

19.08 

52.47 

52.41 

35 

0.521 

2438.0 

18.86 

18.89 

53.02 

52.94 

40 

0.632 

2038.0 

18.68 

18.72 

53.53 

53.42 

45 

0.763 

1702.0 

18.49 

18.54 

54.04 

53.94 

50 

0.921 

1430.0 

18.31 

18.37 

54.61 

54.43 

55 

1.10 

1208.0 

18.14 

18.20 

55.12 

54.94 

60 

1.18 

1130.0 

18.07 

18.13 

55.33 

55.16 

62 

1.32 

1024.0 

17.96 

18.03 

55.68 

55.53 

65 

1.57 

871.0 

17.80 

17.88 

56.18 

55.93 

70 

1.68 

817.0 

17.74 

17.82 

56.36 

56.12 

72 

1.87      , 

743.0 

17.63 

17.74 

56.71 

56.37 

75 

fr.21 

637.0 

17.47 

17.59 

57.23 

56.85 

80 

2.62 

546.0 

17.31 

17.45 

57.77 

57.30 

85 

3.08 

469.0 

17.14 

17.31 

58.34 

57.77 

90 

3.65 

405.0 

17.00 

17.20 

58.82 

58.14 

95 

4.29 

351.0 

16.84 

17.06 

59.38 

58.62 

100 

5.04 

305.0 

16.69 

16.96 

59.92 

58.96 

105 

5.92 

266.0 

16.54 

16.85 

60.46 

59.35 

110 

6.93 

232.0 

16.40 

16.74 

60.97 

59.74 

115 

8.12 

203.0 

16.26 

16.65 

61.50 

60.06 

120 

9.46 

178.0 

16.12 

16.57 

62.03 

60.35 

125 

11.20 

157.0 

15.98 

16.50 

62.58 

60.61 

130 

12.90 

139.0 

15.85 

16.41 

63.09 

60.93 

135 

15.30 

123.0 

15.72 

16.37 

63.61 

61.08 

140 

17.90 

109.0 

15.59 

16.33 

64.14 

61.23 

145 

21.70 

96.9 

15.46 

16.29 

64.68 

61.38 

150 

25.10 

86.4 

15.33 

16.27 

65.23 

61.46 

155 

29.90 

77.2 

15.21 

16.26 

65.75 

61.50 

160 

35.80 

69.1 

15.09 

16.27 

66.27 

61.46 

165 

43.20 

62.0 

14.97 

16.29 

66.80 

61.38 

170 

54.80 

55.7 

14.85 

16.33 

67.34 

61.23 

175 

65.70 

50.1 

14.74 

16.38 

67.84 

61.05 

180 

83.80 

45.2 

14.62 

16.44 

68.40 

60.83 

185 

1 

111.0 

40.9 

14.51 

16.53 

68.92 

60.49 

190 

6 

191.0 

37.0 

14.40 

16.64 

69.44 

60.96 

195 

4 

229.0 

33.6 

14.29 

16.77 

69.98 

59.63 

200 

*4 

419.0 

30.5 

14.18 

16.92 

70.52 

59.10 

205 

36 

27.8 

14.07 

17.09 

71.07 

58.58 

210 

26.8 

14.03 

17.16 

71.33 

58.27 

212 

an  specific  heat  of  air  taken  as  0.2375.        |  Mean  specific  heat  of  water  vapor  taken  as  0.46. 
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The  wet-bulb  thermometer  is  thus  cooled  and  its  readings  are  lower  than 
those  of  the  dry-bulb.  The  difference  in  reading  is  a  function  of  the 
relative  humidity,  and  the  latter  may  be  calculated  from  the  following 
rational  psychrometric  formula  deduced  by  Willis  H.  Carrier  (Proa 
A.S.M.E.,  Nov.,  1911). 


=  [V         (P  -  P«)d  1 100 
L  2800-1.3*»J/V 


in  which 

h  =  relative  humidity,  per  cent; 
Pw  =  maximum  tension  of  aqueous  vapor  corresponding  to  the  tem- 
perature of  the  wet-bulb  thermometer,  inches  of  mercury; 
(This  may  be  taken  directly  from  Steam  Tables.) 
P  =  observed  barometric  pressure,  inches  of  mercury; 
d  =  difference  in  reading  of  the  wet  and  dry-bulb  thermometers, 

degrees  F. ; 
tw  =  temperature  of  the  wet-bulb  thermometer; 
Pd  =  maximum  tension  of  aqueous  vapor  corresponding  to  the  tem- 
perature of  the  dry-bulb  thermometer,  inches  of  mercury. 

Example:  Determine  the  relative  humidity  when  the  dry  bulb  reads 
70  degrees  F.,  wet  bulb  60  degrees  F.,  barometer  28.0. 
From  the  Steam  Tables  we  find 

P  =  0.522  P  =  0.739 


whence 


=  To  Wl  -   (28  -  0.522)10  1    100 
L  2800  -  1.3  X  60j  0.739 


=  57.0  per  cent. 

If  the  relative  humidity  h,  at  barometric  pressure  P,  is  to  be  referred 
to  barometric  pressure  Pi,  the  relative  humidity  under  the  new  pressure 


will  be 


*i  = 


Pi* 


(180) 


Example:    Required  the  relative  humidity  in  the  preceding 
if  the  air  and  vapor  content  are  compressed  to  30  inches 

30  X  57 


Ai  =     " 


28 


=  61  per  cent. 


The  weight  of  moisture  per  cubic  foot  of  mixture  is 

"'  =  /'//.  (181), 

in  which  //  =  weight  of  one  cubic  foot  of  water  vapor  at  temperatuR] 
corresponding  to  the  dry-bulb  thermometer.  (This  is  the  density  of] 
steam  at   the  >pecified  temperature  and  may  be  taken  directly  fro* 

Steam  Tables.'! 
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Table  87  gives  the  properties  of  saturated  air  for  various  tempera- 
es  in  terms  of  volumes  of  the  mixture  and  is  taken  from  the  author's 
)er  "Properties  of  Saturated  and  Unsaturated  Air,"  Jour.  Franklin 
t.,  Feb.,  1911. 

i^gs.  341  and  342  are  taken  from  Willis  H.  Carrier's  paper,  "Rational 
'chrometric  Formulae,"  Proc.  A.S.M.E.,  Nov.,  1911,  p.  1309,  and 
e  the  various  properties  of  saturated  and  unsaturated  air  for  various 
iperatures  and  relative  humidities  in  terms  of  one  pound  of  dry  air. 
71.  Water-cooling  Calculations.  —  Air  is  said  to  be  completely 
iirated  when  it  contains  all  the  water  vapor  it  can  hold  without 
sing  precipitation.  If  the  vapor  content  is  less  than  that  conte- 
nding to  complete  saturation  the  air  will  tend  to  become  saturated 
absorbing  moisture  from  surrounding  objects.  The  drier  the  air 
greater  will  be  its  affinity  for  moisture.  The  necessary  latent  heat 
vaporization  is  supplied  directly  by  the  water  producing  the  vapor 
>y  the  surrounding  objects  in  contact  with  the  water.  Thus,  in  the 
n  cooling  tower  the  water  vapor  is  absorbed  from  the  circulating 
•er,  and  the  heat  necessary  to  effect  this  vaporization  is  given  up  by 
water,  with  a  resultant  reduction  in  temperature  of  the  water  itself; 
in  the  evaporative  surface  condenser  the  vapor  is  absorbed  from 
water  spray  in  contact  with  the  tubes,  the  heat  required  to  effect 
\  vaporization  being  given  up  by  the  steam  within  the  condenser 
mbers,  resulting  in  condensation  of  the  steam.  If  the  air  coming 
contact  with  the  water  is  very  dry  and  at  a  high  temperature  the 
orization  of  the  water  may  be  rapid  enough  to  cool  the  remaining 
■er  to  a  temperature  much  lower  than  that  of  the  air.  In  this  case 
ctically  all  of  the  cooling  is  effected  by  evaporation.  But  when  the 
is  at  a  low  temperature  and  high  relative  humidity  a  considerable 
>unt  of  heat  may  be  carried  away  by  the  air  by  conduction.  The 
ntity  of  air  and  water  necessary  to  produce  a  given  cooling  effect 
Y  be  determined  as  follows: 

«et  H  =  total  amount  of  heat  to  be  abstracted,  B.t.u.  per  hour; 
W  =  weight  of  water  to  be  cooled,  pounds  per  hour; 
te  =  temperature  of  water  entering  cooling  device; 
ti  =  temperature  of  water  leaving  cooling  device; 
to  =  temperature  of  air  entering  cooling  device,   degrees  F.; 

To  =  t0  +  460; 
ti  =  temperature   of   air   leaving   cooling   device,    degrees   F.; 

T2  =  t2  +  460; 
p  =  ordinary  atmospheric  pressure  =  29.92  inches  of  mercur** 
pa  =  observed  atmospheric  pressure,  inches  of  mercury; 
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p*  - 
Fa- 

d  = 

Zt  - 

C  = 


elastic  force  of  vapor  at  temperature  to,  inches  of  mercury; 

elastic  force  of  vapor  at  temperature  t%>  inches  of  mercury; 

volume  of  air  entering  the  cooling  device,  cubic  feet  per 
hour,  atmospheric  conditions; 

volume  of  air  discharged  from  the  cooling  device  at  tem- 
perature it) 

density  of  dry  air,  at  pressure  p  and  temperature  fe; 

weight  of  moisture  in  1  cubic  foot  6f  saturated  air  at  tem- 
perature to,  pounds; 

weight  of  moisture  in  1  cubic  foot  of  saturated  air  at  tem- 
perature t%  pounds; 

relative  humidity  of  the  air  entering  the  cooling  device; 

relative  humidity  of  the  air  leaving  the  cooling  device; 

mean  specific  heat  of  dry  air  at  constant  pressure  *  0.2375;* 

mean  specific  heat  of  water  vapor  at  temperature  fe; 

heat  of  vaporization  at  temperature  U. 


The  pressure  pi  of  the  dry  air  in  atmospheric  air  entering  the  cooling 

device  is 

Pi  -  Pa  -  Ptfo.  (18) 

The  pressure  p*  of  the  dry  air  leaving  the  cooling  device  is 

PZ  =  Pa  —  P&.  (18) 

The  weight  w  of  dry  air  entering  the  cooling  device  under  atmospheric 
temperature  and  pressure,  pounds  per  hour,  is 


w  =  ^dV0. 
P 


W  I 


The  weight  wo  of  moisture  carried  into  the  cooling  device  by  the  i, 

pounds  per  hour,  is  ■> 

w0  =  hoZoVo.  (I® 


The  volume  of  air  leaving  the  cooling  device  is 

Pz    io 


W 


The  weight  w2  of  moisture  carried  away  by  the  air  discharged  from  toft 
cooling  device,  pounds  per  hour,  is  « 

w2  =  h&Vt.  (*)■* 

The  weight  of  circulating  water  ti?3  absorbed  by  the  air  in  passing  wWMn 

the  cooling  device,  pounds  per  hour,  is 

uh  =  uh  —  Wo.  { 

*  The  mean  specific  heat  of  air  varies  with  the  .temperature,  see  fl&  T. 
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The  heat  H  to  be  abstracted  from  the  circulating  water,  B.t.u.  per 

nur,  is 

H  =  W  (U  -  te).  (189) 

The  heat  is  dissipated,  by  the  cooling  process,  in  raising  the  tempera- 
ire  of  the  air  and  vapor  entering  the  cooling  device  from  fo  to  t%  (by 
mdudion)  and  in  evaporating  the  moisture  absorbed  by  the  air  in  pass- 
ig  through  the  apparatus  (by  evaporation). 
The  heat  Ha  required  to  raise  the  temperature  of  dry  air  from  to  to  t%> 

>.t.u.  per  hour,  is 

Ha  =  Cw(tt  -  to).  (190) 

The  heat  H%  required  to  superheat  the  water  vapor  entering  the  cool- 
ig  device  from  temperature  to  to  fe,  B.t.u.  per  hour,  is 

H.  =  woS(t2-  to).  (191) 

The  heat  He  abstracted  by  conduction  from  the  circulating  water, 

J.t.u.  per  hour,  is 

He  =  Ha  +  H..  (192) 

The  heat  H9  abstracted  from  the  circulating  water  by  evaporation, 

X.m.  per  hour,  is 

H.  =  w*%.  (193) 

Though  the  process  of  evaporation  is  practically  continued  through 
e  whole  range  in  the  cooling  device,  we  are  justified  in  using  the  heat 

vaporization  at  the  highest  temperature,  because  the  liquid  was  at 
is  temperature  entering  the  cooling  device  and  the  vapor  is  brought 
tck  to  the  temperature  when  leaving  it. 

The  total  heat  Ht  absorbed  by  the  air  in  passing  through  the  cooling 
vice,  B.t.u.  per  hour,  is  Ht  =  He  +  H9.  (194) 

Neglecting  radiation  and  other  minor  losses,  the  heat  Ht  absorbed 
r  the  air  must  be  equal  to  the  heat  given  up  by  the  circulating  water, 

Ht  =  H.  (195) 

Example:  Determine  the  quantity  of  air  passing  through  the  cool- 
g  tower  per  hour  and  the  circulating  water  lost  by  evaporation  in  a 
>wer  plant  operating  under  the  following  conditions:  Engines  indicate 
©  horse  power  arid  consume  20  pounds  steam  per  i.h.p.  hour;  tem- 
>rature  of  the  injection  water,  discharge  water  and  outside  air,  90, 
S,  and  72  degrees  F.,  respectively;  barometer  29,5;  relative  humidity 
air  entering  and  leaving  tower  70  and  90  per  cent  respectively; 
tcuum  at  condenser  25  inches.  Determine  also  the  weight  of  water 
'aporated  in  per  cent  of  that  circulated  and  of  the  condensed  S* 
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In  the  problem, 

pa  « 29.5,  to  =    72,  f  h«  =        0.001224, 

t  po  =    0.79,     *  U  =  112,  f  ^  =        0.003978, 
t  Jh  =    2.79,         fc  =  122,  2b  =        0.70, 

d  =    0.0747,      *,  =    90,  z*  =        0.90, 

C  =    0.2375,     S  =      0.45,  r,  =  1028.9. 

These  values  are  obtained  from  Steam  Tables  and  from  Air  Tables 
(Table  87). 
Substitute  these  values  in  equations  (182)  to  (195)  thus: 

(182),    px  =  29.5  -  0.79  X  0.7 

=  28.95. 
(183),    pz  =  29.5  -  2.74  X  0.9 

=  27.03. 

(184),     w  =  g|j  X  0.0747  TV 

=  0.0722  Vt>. 
(185),     w  =  0.001224  X  0.7  TV 
=  0.000857  V0. 

nan     v      2895  460  + 112 T7 

(186)'    F2=27^3*  460  +  72  V° 

=  1.152  V0; 

that  is,  each  cubic  foot  of  dry  air  entering  the  cooling-tower  is  increased 
in  volume  to  1.152  cubic  feet  as  it  leaves. 

(187),    w2  =  0.003978  X  0.9  X  1.152  V0 

=  0.004125  TV 
(188),    w*  =  0.004125  V0  -  0.000857  V0 

=  0.003268  F0. 

The  total  heat  to  be  abstracted  from  the  steam  is 

H  =  500  X  20  (1120.1  -  122  +  32) 
=  10,300,000  B.t.u.  per  hour. 
(189),  But  W  (122  -  90)  =  10,300,000, 
from  which  W  =  322,000  pounds  per  hour. 

(190),   Ha  =  0.2375  X  0.0722  TV  (112  -  72) 

=  0.0865  TV 
(191),    II,  =  0.000857  TV  X  0.45  (112  -  72) 
=  0.001543  TV 

*  By  assumption,  U.  being  10  to  20  degrees  lower  than  te  in  average  practice  wl* 
the  range  te  —  to  is  greater  than  30  degrees, 
f  Marks  and  Davis. 
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(192),  Hc  =  0.6865  V0  +  0.001543JF,) 

=  0.688  V* 
(193),  H.  =  0.003268  V0  X  1028.9 

=  3.365  V0. 
H.      3.365  V0 


Hc      0.688  V0 


=  4.89; 


,  the  air  removes  4.89  times  more  heat  by  evaporation  than  by  con- 
under  the  given  conditions. 

(194),  Ht  =  0.688  V0  +  3.365  V0 

=  4.053  V0. 

H.      0.001543  V0 


Ht         4.053  V0 


=  .00038; 


,  the  heat  required  to  superheat  the  moisture  carried  into  the 
by  the  air  is  approximately  T$v  of  1  per  cent  of  the  total;  hence 
>r  as  great  as  20  per  cent  in  the  mean  specific  heat  of  the  vapor  is 
ble. 

(195),    4.053  V0  =  10,300,000, 

inch 

V9  =  2,543,000  cubic  feet  of  air  per  hour  necessary 

to  effect  the  required  cooling. 

=  42,300  cubic  feet  per  minute. 


a  (188) 
ititute 


w»  =  0.003268  V0. 

Vq  =  2,543,000  in  above  equation. 
wt  =  0.003268  X  2,543,000 

=  8320  pounds,  or  the  weight  of  circulating 
water  carried  away  per  hour. 

IS!  =     S320     _  02S8- 
W      322,000  ' 

,  2.58  per  cent  of  the  circulating  water  is  carried  away  by  the  air 
iing  the  necessary  cooling. 

8320   =  M2; 


20  X  500      10,000 

,  the  equivalent  of  83.2  per  cent  of  the  steam  used  by  the  engines 
)orated  in  the  cooling  tower,  or  the  make-up  water  is  more  than 
id  by  the  condensed  steam. 
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Example:  Evaporation  Surface  Condenser.  —  How  many  cubic  feet 
of  air  and  how  many  pounds  of  water  spray  must  be  forced  through  an 
evaporative  surface  condenser  of  the  fan  type  in  order  to  conden* 
1000  pounds  of  steam  per  hour  and  maintain  a  vacuum  of  25  inches, 
barometer  29?  (Atmospheric  air  80  degrees  F.,  relative  humidity  70  per 
cent.)  The  air  and  vapor  issue  from  the  discharge  pipe  under  pressure 
of  4  inches  of  water,  temperature  120  degrees  F.y  relative  humidity 
98  per  cent. 

The  absolute  pressure  in  the  condenser  is  29.0  —  25.0  =  4  inches  of 
mercury. 

The  total  heat  to  be  withdrawn  in  order  to  cool  and  condense  1000 
pounds  of  steam  per  hour  at  absolute  pressure  of  4  inches  to  120  degrees 
P.  is 

1000  [1114.8  -  (120  -  32)]  -  1,026,000  B.t.u. 

Neglecting  radiation  and  leakage  losses,  this  is  the  heat  to  be  ab- 
stracted per  hour  by  the  air  and  water  spray. 

The  pressure  of  the  dry  air  in  the  mixture  entering  the  condensers, 
equation  (182), 

jh  =  29.0  -  0.7  X  1.029 
=  28.28. 

The  pressure  of  dry  air  in  the  mixture  leaving  the  condenser  is, 
equation  (183), 

p,  -  (29.0  +  0.294)  -  0.98  X  3.438 
=  25.925 

(0.294  is  the  value  in  inches  of  mercury  of  4  inches  of  water-to 
pressure). 

Let  Vo  =  volume  of  atmospheric  air  entering  the  condenser.  Tb 
volume  leaving  the  condenser  will  be,  equation  (186), 

_  28.280  460  +  120       _1179V 
Vz  "  25^25'  460  +  80  V°  "  l'UZ  V(h 

The  weight  of  vapor  in  the  condenser  discharge  is,  equation  (187), 

id  =  1.172  Vo  X  0.004888  X  0.98 
=  0.005615  Vo  pounds. 

The  weight  of  vapor  in  the  mixture  entering  the  condenser  is,  equK 
tion  (185), 

wo  =  0.00157  X  0.7  Vo 
=  0.001099  Vo  pounds. 
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amount  evaporated  therefore  is 

wz  =  0.005615  V0  -  0.001099  VQ 
=  0.004516  V0  pounds. 

weight  of  dry  air  entering  the  condenser  is,  equation  (184), 

OQ  OQ 

w=ii007362y« 

=  0.06958  V0  pounds. 

heat  absorbed  by  the  dry  air  in  being  heated  from  80  degrees  to 
agrees  F.  is,  equation  (190), 

H  =  Cw  (/2  -  to) 

=  0.2375  X  0.06958  V0  (120  -  80) 
=  0.658  V0  B.t.u. 

,t  required  to  superheat  w0  pounds  of  vapor  from  80  degrees  to 
agrees  F.  is,  equation  (191), 

Ho  -  0.001099  V0  X  0.46  (120  -  80) 
=  0.02022  V0  B.t.u. 

,t  absorbed  by  the  evaporation  of  Wz  pounds  of  water  is,  equation 

He  =  0.004516  V0  X  1046.7 
=  4.720  V0  B.t.u. 

the  latent  heat  is  taken  at  the  lower  temperature,  it  being  the 

il  temperature  of  the  liquid.) 

al  heat  absorbed  by  the  entering  air  and  spray  is 

Ht  =  0.658  V0  +  4.720  V0  +  0.020  V0 
=  5.398  70. 

lis  represents  also  the  heat  given  up  by  the  steam,  or 

5.398  V0  =  1,026,000, 

svhich  V0  =  190,500  cubic  feet  of  atmospheric  air  necessary  to 
ise  and  cool  1000  pounds  of  steam  under  the  given  conditions, 
water  spray  to  be  injected  per  hour  is 

0.004516  V0  =  0.004516  X  190,500  =  860  pounds. 

Test   of  Cooling   Towers.  —  The   following   gives  the  results  of 

made  on  the  cooling-tower  plant  of  the  A.  F.  Brown  Company 

zabethport,  N.  J.     The  tower  is  working  in  connection  with  a 

er  surface  condenser  of  280  square  feet  of  cooling  surface,  mounted 

10,  12  X  12  combined  air  and  circulating  pump. 


536 


STEAM  POWER  PLANT  ENGINEERING 


Observations  made  on  Juno  24,  1904. 

Temperature  of  air 81  degree 

Hygrometer 69  degree 

Temperature  of  air  at  top  of  tower 89  degree! 

Temperature  of  water  in  troughs 105  degreei 

Temperature  of  water  in  tank 83  degrees 

Revolutions  of  fan,  239  r.p.m..  air  pressure j  inch  water 

Velocity  of  air  out  of  tower 822  feet  per  minute 

Gallons  of  water  passing  over  mats 385  per  minute 

Vacuum 26  inches 

Temi>erature  of  air-pump  discharge 87  degrees 

Observations  made  June  28,  1904,  9  a.m. 

Temperature  of  air 76  degree* 

Hygrometer 59  degreei 

Temperature  of  air  at  top  of  tower 81  degreei 

Temperature  of  water  in  troughs 96  degreei 

Temperature  of  water  in  tank 78  degreei 

Revolutions  of  fan,  232  r.p.m.,  air  pressure i  inch  water 

Velocity  of  air  out  of  tower 680  feet  per  minute 

Gallons  of  water  passing  over  mats 406  per  minute 

Vacuum 25.5  inches 

Temperature  of  air-pump  discharge 90  degrwi 

Observations  made  June  28,  1904,  3  p.m. 

Temperature  of  air 74  degreei 

Hygrometer 57  degreei 

Temperature  of  air  at  top  of  tower 83  degreei 

Temperature  of  water  in  troughs 99  degreei 

Temperature  of  water  in  tank 80  degrees 

Revolutions  of  fan,  237  r.p.m  ,  air  pressure ^  inch  water 

Velocity  of  air  out  of  tower 769  feet  perminute 

Gallons  of  water  passing  over  mats 470  perminute 

Vacuum 25.5  inches 

Temperature  of  air-pump  discharge 92  degrees 

Observations  made  June  29,  1904. 

Temperature  of  air 78 degrees 

Hygrometer 71  degreei 

Temperature  of  air  at  top  of  tower 86  degrees 

•Temperature  of  water  in  troughs 108 degrees 

Temperature  of  water  in  tank 82  degrees 

Revolutions  of  fan,  211  r.p.m.,  air  pressure J  inch 

Velocity  of  air  out  of  tower 772  feet  perminute 

( iallons  of  water  passing  over  mats 430 pcrmi'DUte 

\  aeuum        25.5  inches 

Temperature  of  air-pump  discharge 93 degreei 


Kni;iii»'s: 
( 'mi<lcn«'r> 
Tower: 

Tvst : 


KI. SILTS  01     HOST  OI-    N ATF KAL-DRAFT  TOWER,   DETROIT. 
Complete   Five-Fifths  Sun face  Installed. 
Pro-.  A..S.M.E  ,  Mi«l-\*ow,  1900.  p.  1205. 

Two    IO0-i.h.p.   .)(K)-k\v.   Maelntosh   «fc   Seymour  tandeul-co^lpoB,■ 

engines,  overhung  generators. 
Worthinirion  surtaee  {admiralty  type)  1000-sq.  ft.  reciprocating ***" 

air  pump  ami  circulating  pump 
Wood-mat  construction,  21,500  sip  ft  evaporating  surface,  exetafl* 

of  sin -II 
March  1  .">  to  1»>.  P.H)  -*  4  p  m  ,  24  hr. 
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ier: 


A.M. 

Barometer  (abs.),  min 30.22 

Temperature  air,  dog.. 18.5 

Relative  humidity,  per  cent  .        7G 


P.M.  AVERAGE. 

30.07;     30.14         30.27 
25;  30  25 

82 ;  58  72 


ts: 


>g: 


oration ; 


r: 


600  kw.  max.  to  50  kw.  min.     Average 244.9  kw. 

Engine  efficiency  =  92.5  =  S75  i.h.p.  max.      Average  .  .354.8  i.h.p. 

Weight  of  condensed  steam  per  hr.t  lb 5910.6 

Temperature  exhaust  steam,  deg.  F 134 .  38 

Temperature  condensed  steam,  deg.  F 108. 78 

Weight  of  steam  per  hour,  max.  load,  lb 13,500 

Vacuum  (abs.)  25  to  19,  average  about 22 

Vacuum  corresponding  to  temperature  exhaust  steam. . .  25 

Vacuum  possible  with  good  condenser  (10  deg.  difference)  28 

Circulated  per  hr.f  lb 293,536 

Temperature  hot  well,  average,  deg.  F 87.50 

Temperature  cold  well,  average,  deg.  F 71.27 

Vaporization  loss  per  hr.,  lb 5970 

Condenser  surface  per  kw.,  sq.  ft 2.66 

Steam  per  kw.  hr.,  lb 24 . 3 

Steam  per  i.h.p.  hr.,  lb 16.66 

Circulating  water  per  lb.  of  steam,  lb 49.6 

Steam  per  sq.  ft.  condenser  surface  per  hr.,  lb 3.7 

Circulating  water  per  sq.  ft.  tower  surface,  lb 12 

Difference  in  temperature  between  exhaust  steam   and 

discharge,  deg.  F 47 

Max.  20  deg.,  min.  3  deg.-5  deg.     Average 16.23 

Heat  dissipated  per  hr.,  B.t.u 4,769,000 

Heat  per  sq.  ft.  tower  surface,  B.t.u 195 

Heat  per  sq.  ft.  per  1000  lb.  water,  B.t.u 0.665 

Circulating  water,  per  cent 2 .03 

Engine  steam,  per  cent 101 

Surface  per  kw.  (average  load  245  kw.),  sq.  ft 100 

Surface  per  kw.  (max.  load  600  kw.),  sq.  ft 40.8 

Surface  per  1000  lb.  steam  max.  load,  sq.  ft 1820 

Surface  per  1000  lb.  steam  average  load,  sq.  ft 4140 

Surface  per  1000  lb.  circulating  water  per  deg.  max.  cool- 
ing, sq.  ft 4.17 


Temi>erature,  Deg.  Fahr. 

Quantities. 

Air. 

Hot 
Well.* 

Cold 
Well. 

Water 
Cool- 
ing. 

Total 

Heat 

Head.t 

Tower 

Water,  Lb. 

per  Hr. 

Heat  Dissi- 
pated, B.t.u. 
Lb.  per  Hr. 

•-  O  om 

bo.  .a 

Load, 
Kw. 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

n 

34 

35 

35 
35 

32.5 

28.5 

26 

24 

24 

102 

106.5 

106.5 
113 

100 

103.5 

125 

121 

123 

89 

90 

87.5 
88.5 

84 
88 
94 
94 
94.5 

13 

16.5 

19 
24.5 

16 

15.5 

31 

27 

28.5 

68 
71.5 

71.5 

78 

67.5 

75 

99 

97 

99 

375,000 

♦  (375,000 

1 370.200 

375,000 

375,000 

399.000 
445,500 
417,000 
427,000 
427.000 

4.880,000 

6.108,000 

7,120,000 
9.000,000 

6,384,000 

6,900,000 

12,930.000 

11,532,000 

12.174,000 

332 

415 

484 
613 

434 
470 
880 

785 
827 

25 

24.8 

25 
25 

26.6 
29.7 
27.8 
27.4 
27.4 

270 

1315 

1290 

315 

350 

365 
485 
655 
570 
600 

miming  a  more  efficient  condenser,  say  10  deg.  difference,  the  probable  vacuum  would  h* 

to  27.5  deg.     This  condenser  actually  operated  at  40  deg.  to  50  deg.  difference. 

tal  heat  head  =  air  heating  +  lost  head.  J  Difference  due  to  xap'vd  <&&&%« Yo 
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Observations  made  on  June  21,  1904. 

Temperature  of  air 81  dc 

Hygrometer 09  de 

Temperature  of  air  at  top  of  tower 89  di 

Temperature  of  water  in  troughs 105  dc 

Temperature  of  water  in  tank 83  dr 

Revolutions  of  fan,  239  r.p.m.,  air  pressure {  inch 

Veloeity  of  air  out  of  tower 822  feet  per  ni 

Gallons  of  water  passing  over  mats 385  per  ra 

Vacuum 2  ft  : 

Temi>erature  of  air-pump  discharge *~  ■" 

Observations  made  June  28,  1904,  9  a.m. 

Temperature  of  air "■.. 

Hygrometer ..."»» 

Temperature  of  air  at  top  of  tower ** ' 

1  empcraturc  of  water  in  troughs 

Temperature  of  water  in  tank 

Revolutions  of  fan,  2.T2  r.p.m.,  air  pressure 

Velocity  of  air  out  of  tower »>$(>  I'o 

Gallons  of  water  passing  over  mats 

Vacuum 

Temperature  of  air-pump  discharge 

Observations  made  June  28,  1904,  3  p.m. 

Temperature  of  air 

Hygrometer 

Temperature  of  air  at  top  of  tower 

Temperature  of  water  in  troughs 

Temperature  of  water  in  tank 

Revolutions  of  fan.  2.'J7  r.p.m  ,  air  pressure 

Velocity  of  air  out  of  tower 

Gallons  of  water  passing  over  mats 

\  acuum 

Temperature  of  air-pump  discharge 

Observations  made  June  29,  1904. 

Tempeiature  of  air 

Hvurometer 

Temperature  of  air  at  top  of  tower 

•Temperature  of  water  in  troughs 

Temperature  of  water  in  tank 

Revolutions  of  tan,  211  r.p.m.,  uir  pressu; 

Velneiiv  of  air  out  of  tower 

<  ia  lions  of  water  passing  over  mats 

\  acuum         

Ifinptrat  ure  of  air-pump  discharge  .  .     . 


KLSfLlS  Oh     MOST   Ol    NATTI1 

CuMIM.K'lE     FlVE-l-'lTI  !; 

Pro-.  A  S.M.K  ,  M;« 

Knuim-:  Two    |0l)-i.h.p.   .*U0-k\v.   V 

riiniue^.  overhung  genera 

C  "i in* If *i i*-» 'i - •        \\  mm  iuiiirion  Mirlace  (u«li!.. 

air  pump  and  eireulatir 

Ti>\\<t:  W'iM.ii  in  ii  eon  si  ruction,  • 

of  J..  II 

Ti<:  March  1.".  t«i  l<»,  11MU,  -I  r 


g.i 

3.02 

4.3 

4.03 

8.82 

3.07 

9.54 

2.75 

2.39 

2.38 

4.43 

19.0 

■oft 

4.95 

porous 

18.73 
6.75 

ordmg  to  the  number  of  grains  of 
pllon: 


very  bad. 

(mate,  magnesium  carbonate,  and  mag- 
mtaining  sulphate  of  calcium  and  mag- 
by  4  for  the  same  rating, 
riety  of  possible  impurities  the  proper 

e  determined  only  by  chemical  analysis 


the  Hartford  Steam  Boiler  Inspection  and 
#s  the  number  of  boilers  inspected  by  that 
■  1911  and  the  number  found  defective  from 
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TABLE  90. 

SUMMARY  OF  INSPECTOR'S  REPORTS  FOR  THE  YEAR  1911. 
(Hartford  Steam  Boiler  Inspection  and  Insurance  Company.) 


Nature  of  Defects. 


f  deposit  of  sediment 

f  incrustation  and  scale. 

f  internal  grooving 

•f  internal  corrosion 

I  external  corrosion 

ve  braces  and  stays 

s  defective 

3s  out  of  shape 

•ed  plates 

plates 

.ted  plates 

f  defective  riveting 

ve  heads 

>f  leakage  around  tubes . . 

>f  defective  tubes 

:oo  light 

e  of  joints 

gauges  defective 

ffs  defective 

>f  deficiency  of  water. . . 

valves  overloaded 

valves  defective 

•e  gages  defective 

without  pressure  gauges 
sified  defects 

nned 


Whole  Number. 

Dangerous. 

19,471 

1,376 

43,663 

1,468 

2,830 

229 

13,781 

611 

9,668 

801 

2,611 

524 

5,677 

687 

7,674 

402 

3,654 

521 

5,174 

478 

565 

50 

3,225 

610 

1,204 

166 

13,015 

1,789 

9,691 

2,508 

2,009 

552 

5,956 

353 

3,402 

668 

4,436 

1,288 

430 

122 

1,209 

354 

1,334 

356 

8,145 

469 

369 

369 

9 

4 

169,202 


16,746 


653 


i  neutralization  or  elimination  of  the  impurities  may  be  effected 
e  of  the  following  methods: 

Chemically. 

Boiler  compounds. 
Purifying  plants. 

Mechanically. 
Filters. 
Blow-off. 
Tube  cleaners. 

Thermally. 

Feed-water  heater. 
Distillation. 
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The  following  chart  ("Boiler  Waters,"  W.  W.  Christie)  outlines  some 
of  the  troubles  arising  from  feed  water,  their  cause  and  means  for 
preventing  them. 


Trouble. 


Incrustation. 


Priming. 


Corrosion. . . .  < 


Cause. 


Sediment,  mud,  clay,  etc. . .  j 
Readily  soluble  salts 

Bicarbonate  of  magnesia,      j 
lime,  iron j 

Organic  matter 

Sulphate  of  lime < 

Organic  matter 

Grease j 

Chloride    or   sulphate    of     i 

magnesium ) 

Sugar | 

Acid f 

Dissolved  carbonic  acid  and 
oxygen 

Electrolytic  action 

Sewage ■< 

Alkalies 

Carbonate  of  soda  in  large  ) 
quantities ) 


Remedy  or  Palliation. 


Filtration. 

Blowing  off. 

Blowing  off. 

Heating  feed  and  precipitate. 

Caustic  soda. 

Lime. 

Magnesia. 

See  below. 

Sodium  carbonate. 

Barium  chloride. 

Precipitate  with  alum  ) 

Precipitate  with  ferric  >  and  filter 

chloride  ) 

Slaked  lime 
Carbonate  of  soda 

Carbonate  of  soda. 


>  and  filter 


Alkali. 

Slaked  lime. 

Caustic  soda. 

Heating. 

Zinc  plates. 

Precipitation  with  alum  or  ferric 

chloride  and  filter. 
Heating  feed  and  precipitate. 

Barium  chloride. 


I<Yed  water  is  considered  hard  when  the  mineral  matter  in  solution 
run  lies  or  precipitates  soap.  The  constituents  which  cause  this  "hard- 
ness" are  carbonates  and  sulphates  of  lime,  magnesia,  and  iron.  Hard- 
ness, due  to  the  bicarbonates,  which  is  reduced  by  boiling,  is  said  to  be 
*'  temporary"  while  that  which  is  not  removed  in  this  way  is  said  to  be 
"permanent."  Low  hardness,  to  200  parts  of  calcium  carbonate  per 
million,  is  conveniently  determined  by  means  of  a  standard  soap  solu- 
tion. The  hitter  may  be  obtained  from  chemical  dealers.  In  deter- 
mining the  decree  of  hardness,  n0  cubic  centimeters  of  the  water  art 
introduced  into  a  200-cubic-centimeter  bottle  and  alcoholic  soap  solu- 
tion i-:  added  from  a  burette  until  a  lather  is  obtained  which  coverstto 
entire  surface  of  the  Liquid  and  is  permanent  for  five  minutes.  Tb 
decree  of  liardncss  is  calculated  by  the  use  of  Clark's  table,  thus: 
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CLARK'S  TABLE  OF  HARDNESS. 


audard  Soap 
fation,  Cubic 
/cstimetera. 

Parte  of  CaCO, 
Per  Million. 

Standard  Soap 

Solution,  Cubic 

Centimeters. 

Parts  of  CaCO, 
Per  Million. 

Standard  Soap 

Solution,  cubic 

centimeters. 

Parts  of  CaCO, 
Per  Million. 

0.7 
1.0 
2.0 
3.0 
4.0 
5.0 

0.0 
5.0 
19.0 
32.0 
46.0 
60.0 

6.0 
7.0 
8.0 
9.0 
10.0 
11.0 

74.0 
89.0 
103.0 
118.0 
133.0 
148.0 

12.0 

13  0 
14.0 
15.0 

164.0 
180.0 
196.0 
212.0 

For  waters  which  are  harder  than  200  parts  per  million  use  a  solution 
n  times  the  strength  of  the  standard.  This  method  does  not  indicate 
le  amount  of  reagent  to  be  used  in  neutralizing  the  calcium  sulphate 
it  gives  an  idea  of  the  quantity  of  soda  crystals  required  to  soften 
le  water  as  far  as  the  CaCOs  is  concerned. 

The  most  satisfactory  way  is  to  submit  a  sample  of  the  feed  water 
)  a  competent  chemist  for  analysis  and  add  the  reagent  recommended. 

Complete  Examination  of  Water  for  Boiler  Purposes:   Chem.  Engr.,  Feb.,  1910, 

41;  Mech.  Engr.,  Aug.  16,  1910,  p.  247,  May  31,  1912,  p.  692;  Met.  and  Chem. 
ngag.,  Jan.,  1910,  p.  21;  Jour.  Frank.  Inst.,  Vol.  CLIX,  p.  217. 

Boiler  Feed  Water:  Cassier's  Mag.,  Oct.,  1911,  p.  561;  June,  1910,  p.  189,  Jour, 
idus.  and  Engng.  Chem.,  May,  1911,  p.  326. 

Boiler  Corrosion:  Power,  June  13,  1911,  p.  910,  July  11,  1911,  p.  67;  Boiler- 
taker,  Aug.,  1912,  p.  253;  Prac.  Engr.,  U.  S.,  Sept.  1,  1912,  p.  881. 

Boiler  Scale  Prevention:  Elec.  Wld.,  Jan.  6, 1910,  p.  46,  July  1,  1909,  p.  31 ;  Power, 
pr.  16,  1912,  p.  560,  May  17,  1910,  p.  888. 

274.  Chemical  Purification.  —  Chemical  treatment  of  boiler  feed 
•ater  has  been  remarkably  developed  during  recent  years  and  a  num- 
er  of  manufacturing  concerns  make  this  their  sole  business.  The 
*o  most  common  systems  of  chemical  treatment  involve  (1)  boiler 
impounds  and  (2)  purifying  plants.  In  the  former  the  necessary 
bemical  action  takes  place  inside  the  boiler  and  in  the  latter  the  water 
i  purified  before  it  enters  the  boiler.  In  either  case  the  usual  procedure 
*  to  submit  for  analysis  a  sample  of  the  feed  water  and  the  resulting 
sale  to  a  competent  chemist  who  will  specify  the  character  and  quantity 
F  chemicals  necessary  to  bring  about  the  desired  result. 
*7$.  Boiler  Compound.  —  The  object  of  treatment  with  boiler  com- 
3Unds  is  to  neutralize  the  evil  effects  of  the  impurities  in  the  feed 
fcter  or  to  change  them  into  others  which  are  less  objectionable  and 
bich  are  easily  removed.  When  properly  compounded  and  intro- 
toed  into  the  boiler  such  preparations  are  of  great  benefit  and  prac- 
fcily  overcome  the  deleterious  effects,  but  when  improperly   used 
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about  3000  horse  power.     These  boilers  showed  no  incrustation  but 

ile  corrosion.     Evidently  oil  does  not  have  the  same  effect 

be  desired  results  in  all  cases.     Kerosene  used  in  moderate 

will  not  cause  foaming.     Crude  oil  should  never  be  used,  as 

>    residue  causes  the  formation  of  a  tough,  impervious  scale 

Hmtivc  iif  bagged  eheeta  and  collapsed  flues. 

■  wenc  in  Baiters:  Engr.  U.  8.,  Sept,  15,  1905,  p.  634;  Eng,  News,  Muy 
197;  Power,  Nov.  8,  1910,  p.  1993;  Tim™.  A.S.M.E.,  9-247,  11-937; 
Inly,  1890,  p.  97. 

9T7.   I/se  of  Zinc   In   Boilers.  —  Zinc  is  often  introduced  into  boilers 

prevent  corrosion.  The  theory  is  that  a  feeble  but  continuous  cur- 
it  .if  hydrogen  is  generated  over  the  whole  extent  of  the  iron  by 
tetrolytic  action.  The  bubbles  of  hydrogen  formed  isolate  the 
stallic  surface  from  scale-forming  substances.     If  there  is  but  a  little 

tin  scale-forming  element  it  in  precipitated  and  reduced  to  mud;  if 
m^iderable,  coherent  scale  is  produced  which  takes  the  form  of 
irfaee  but  does  not  adhere  to  it,  being  prevented  from  doing 

by  the  intervening  bubbles  of  hydrogen.  Zinc  is  ordinarily  sus- 
tuh-d  in  the  water  space  of  the  boiler  in  the  shape  of  blocks,  slabs, 

as  shavings  in  a  perforated  vessel.     Electrical  connection  between 

t  metallic  surfaces  is  essential.     Rolled  zinc  slabs  12  X  6  X  \  inches 

,ve  found  much  favor  in  marine  practice.     Cienerally  speaking  one 

ich  of  zinc  surface  is  sufficient  for  every  50  pounds  of  water 

the  l>oiler,  though  the  quantity  placed  in  the  boiler  should  vary  with 
C  hardness.  The  British  Admiralty  recommends  the  renewing  of  the 
ac  slabs  whenever  the  decay  has  penetrated  to  a  depth  of  }  inch 
■Ju\*'  tin.-  surface.     Zinc  does  not  prevent  corrosion  or  scale  formation 

;ill  Cases  and  may  even  aggravate  the  trouble. 

V*  oj  Zinr.  in  HviU-r*;   Pruc.  Engr.,  Dee.,  1911,  p.  835;    Power,  Oct.  18,  1910, 

1S71:   Sept.  27,  1910,  p.  1734. 

•*!$.  Methods  of  Introducing  Compounds.  —  Boiler  compounds  may 
*  introduced  into  the  boiler  continuously  or  intermittently.  Small 
liuiiities  introduced  continuously  or  at  short  intervals  are  more  effec- 
'"e  than  large  quantities  at  long  intervals.  Continuous  feeding  is 
brought  about  by  connecting  the  suction  side  of  the  feed 
lip  with  a  reservoir  containing  the  compound  in  solution,  arranged 
ftilarly  to  an  ordinary  cylinder  oil  lubricator.  In  large  plants  an 
•ependent  pump  is  often  used  to  force  the  solution  into  the  feed  line. 
*rmittent  feeding  is  brought  altout  by  temporarily  connecting  the 
:tion  of  the  feed  pump  with  the  reservoir  containing  the  compound. 
^   use  of  boiler  compounds  does  not  necessarily  prevent  scale  f 
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farming  in  time,  though  it  will  reduce  the  evil  to  a  minima] 
iii^Lancus  where  compounds  are  used  it  is  found  mum 
tube  cleaner  through  the  tubes  at  certain  intervals,  in  others  ant 
course  has  not  been  found  necessary. 

I7».  Wright  of  <  ompwund  Krqulrcd.  —  The  weight  of  omnia 
introduced  depends  upon  the  nature  of  the  reagents  used  and  tl 
character  of  the  feed  water,  and  ranges  from  a  few  ounces  to 
pounds  per  100  gallons  of  feed  water.  For  example,  water 
4  grains  of  calcium  sulphate  and  6  grains  of  magnesium  sulphite  p 
gallon  will  require  3.57  poOACb  of  ttrtmsMl  of  soda  per  1000 
of  water  for  the  reduction  of  the  sulphates.  The  chemical  i 
and  analysis  is  as  follows: 

CaSO.  +  "SaJCO,  =  CaCXJ,  +  Na,SO., 
UgSQi  +  NflgCOi  =  MgCO,  +  Xa,SOt. 
If  x  =  grains  of  NajC'Oj  necessary  for  the  calcium, 

CaSO,  :  NftjOOi  +  ioHjO  -4:a 
40+ 32  +  4  X  16:2X23+12  +  3x16  +  10(2  +  16}  =4::. 

x  =  8.4 1  grains. 
If  V  m  grains  of  NajOO,  necessary  for  the  magnesium, 

MgflO,  :  Na-CO,  +  10H,O  -  6 :  y. 
24  +  32  +  4  X  16  :  2  X  23  +  12  +  3  X  16  +  10  (2  +  16)  = 

y  =  14.3. 

The  total  weight  of  carhonate  of  soda  per  1000  gallons  is  therefore 

1000  (14.3  +  8.41)  =  22,710  grains 

=  3.24  pounds. 

This  amount  would  off  cut  the  desired  result  if  the  chemical : 

is  permitted  to  take  place  for  some  time,  otherwise  an  excess  of 

is  necessary.     As  a  rule,  however,  one  quarter  of  the  theoretical  quanta 

calculated  is  used  in  boiler  feed  practice. 

380.  Mechanical  Purification.  —  Waters  containing  sand,  mud 
organic  matter,  and  in  fact  all  matter  which  is  not  in  solution  «f 
chemical  combination  with  the  water  may  be  purified  by  nufhairf 
filtration.  Mud  and  sand  may  l>e  eliminated  by  simply  pilflll'ftfB 
water  to  stand  for  some  time  in  settling  tanks.  Suspended 
which  will  not  gravitate  to  the  bottom  may  be  removed  by  filterioji* 
water  through  coke,  cloth,  excelsior,  or  the  like.  Filters  should  h* « 
duplicate  for  continuity  of  operation. 

Vegetable  and  other  organic  impurities  commonly  float  on  t  he  sarfi* 
of  the  water  when  the  boiler  is  making  steam,  and  may  be  blown 
through  a  "surface  blow-out."     (See  paragraph  88.) 
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Precipitated  matter  may   be  ejected   from   the  boiler   by   frequent 

liming  utF  before  it  has  time  to  adhere  and  bake  to  a  crust.  This 
tpcedure  is  particularly  essential  when  boiler  compounds  art-  used. 

For  description  and  use  of  mechanically  operated  tube  cleaner  see 
oragraph  92. 

381.  Thermal  Purification.  — (See  also  Live  Steam  Purifiers,  para- 
raph  298.J  The-  carbonates  of  lime  and  magnesia  arc  held  in  solution 
i  fresh  water  by  an  excess  of  carbon  dioxide  and  are  completely  pre- 
pitaled  by  boiling.  At  ordinary  temperatures  carbonate  of  lime  is 
liable  in  approximately  20,000  times  its  volume  of  water,  at  212 
egrees  F.  it  is  slightly  soluble,  and  at  2110  degrees  it  is  insoluble.  Sul- 
hate  of  lime  is  much  more  soluble  in  cold  than  in  hot  water,  and  is 
Upletely  precipitated  at  200  degrees.  (Hevue  dc  Meraniriue,  Noveiu- 
er.  1901,  pp.  508,  743.)  Thus  it  will  be  seen  that  a  feed  heater  may  be 
^ied  upon  to  remove  part  or  all  of  the  lime,  depending  upon  the  tem- 
erature  to  which  the  water  is  raised  and  the  time  in  which  the  pre- 
ipitation  is  permitted  to  take  place. 

Influence  of   Ti/iifxr/ituri    <in<!   f imeentTiilion  on  the  Saline-  ConxtUnenh  of  Boiler 
tt    SOO,  Chem.  [nd.,  Oct.  31,  1900,  p.  885.      Solubility  of  Sulpfoih-  of  La,,,-: 

M  de  ttUoasique,  Jan.,  1901,  p.  5,  Nov.,  1901,  p.  508. 

383.  Purify  Inn;  Plants.  —  The  function  of  a  purifying  plant  is  the 
Umination  of  all  impurities  from  the  feed  water  before  it  enters  the 
oiler.  Purifying  plants  are  continuous  or  intermittent  in  operation 
nd  are  modified  in  a  number  of  ways  to  meet  different  conditions. 

A  typical  continuous  system  is  illustrated  in  Fig.  343.  The  hard 
ater  enters  the  softener  through  the  inlet  pipe,  is  discharged  into  the 
»  water  box,  whence  it  passes  over  the  water  wheel,  and  thus  generates 
*'  power  necessary  to  maintain  the  reagents  in  constant  agitation. 
"Om  the  water  wheel  the  hard  water  passes  into  the  top  of  the  cone, 
lore  it  meets  the  reagents  delivered  by  the  lift  pipe  and  is  thoroughly 
bted  with  them.  The  reagents  are  dissolved  in  the  mixing  tank, 
-ated  at  the  ground  level,  and  by  means  of  a  steam,  electric,  or  power 
imp  are  then  elevated  into  the  chemical  tank  above.  One  charge  is 
fficieut  to  last  ten  hours  or  more.     The  reagents  are  apportioned 

the  amount  of  incoming  raw  water  to  the  dividing  box.     (Inasmuch 

tli"  "head"  over  this  stream  varies  directly  with  any  fluctuation  of 
e  main  hard  water  stream,  the  two  streams  are  constantly  maintained 

the  same  proportion  to  each  other.)  In  the  dividing  box  this  small 
"earn  is  again  divided  by  a  slide  which  throws  one  part  of  the  water 
■ck  into  the  hard  water  stream  and  another  part  —  which  determines 
e  rate  of  flow  of  the  chemicals — into  the  regulating  tank.  As  I 
'"el  of  water  in  the  regulating  tank  rises,  the  float  rises  likewise  ;j 


Fia.  343.     Kemiieotl  Type  K  Feod-wmta  Purifier. 
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means  of  a  connecting  chain  lowers  the  mouth  of  the  lift  pipe  in  the 
agent  tank.     Through  this  lift  pipe  the  reagents  How  into  the  top 

the  cone  and  intimately  mix  with  the  raw  water.  The  reaction 
tween  (he  raw  water  and  the  reagents  starts  bb  sunn  as  they  meet, 
nl  u  the  mixture  flows  from  the  mixing  plate  into  the  reaction  cone 

downtake,  the  precipitation  of  the  scale-forming  and  soap-destroying 
aterial  commences  (o  take  place.  Flowing  at  a  constantly  decreasing 
ite,  owing  to  the  constantly  increasing  diameter  of  the  channel,  the 
ftter  passes  to  the  bottom  of  the  cone,  turns  and  flows  upward  still  at 
constantly  decreasing  rate,  the  precipitate  falling  away  from  it  as  it 
oves.  Finally  the  water  passes  through  a  filter  which  removes  any 
ight  trace  of  precipitate  that  remains;  and  it  then  is  discharged  from 
e  top  of  the  softener.  The  precipitate,  which  consists  of  the  impuri- 
«  of  the  raw  water  anil  the  softening  chemicals  in  chemical  union, 
'Is  to  the  liottom  of  the  main  tank  and  is  from  time  to  time  discharged 
Wefrom  through  a  sludge  valve.  An  electric  indicator  is  provided 
lich  rings  a  bell  one-half  hour  before  a  new  supply  of  reagents  is  needed 
i  thus  notifies  the  attendant  of  the  fact.  The  lift,  pipe  is  a  tube, 
able  for  a  portion  of  its  length,  through  which  the  chemicals  leave 
I  chemical  tank.  By  means  of  the  regulating  device  the  mouth  of 
S  tube  is  maintained  at  a  constant  depth  of  immersion  tn  the  surface 
tin    dissolved  reagents. 

[n  the  Scaife  system  for  water  purification  feed  water  first  enters  the 
iter,  where  it  attains  a  temperature  of  from  200  to  210  degrees  F. 

a  portion  of  the  free  COa  is  driven  off  by  the  heat  the  carbonates  of 
ie  and  magnesia  are  precipitated  ami  are  deposited  in  removable  pans 
ide  the  heater.  On  its  way  the  heated  water  is  forced  by  the  boiler 
d  pump  into  a  large  precipitating  tank,  where  the  necessary  chemicals 
■  intriHluccd  by  two  small  pumps.     These  pumps  take  the  solution 

chemicals  from  the  solution  tanks  which  hold  a  sufficient  quantity 
operate  the  plant  from  eight  to  twelve  hours.     The  precipitating  tank 

so  constructed  as  to  cause  intimate  and  thorough  mixing  of  the 
emicals  with  the  water.  Thus  the  acids  are  neutralized,  and  the 
tie-forming  substances  arc  precipitated  by  being  changed  to  insoluhle 
betaaces  which  sink  to  the  bottom  of  the  precipitating  tank  whence 
Of  are  readily  removed.     Some  of  the  lighter  substances  remaining 

suspension  are  carried  along  with  the  water  as  it  passes  into  the 
ben,   which  effectively  remove  all  suspended  matter.     This  system 

continuous  in  operation,  and  purification  is  accomplished  without 
{mciably  retarding  the  onward  flow  of  feed  water.     Fig.  344  shows 

modification  of  the  system.  The  chemicals  are  pumped  from  the 
-heiiiiial  tank"  into  the  "solution  tanks,"  where  the  feed  water  a 


a  flfxits  of  filitfi  1 


-*.*"r.v 

r«.  **: 


r  purification,  li 
•  wHtline  or  treatia 

fcy  th*  w  a*  A*  wo  anaed  paddles  located  near  the  bottom  oi  * 
tank*.  Frmb  Ik*  treating  task*  the  water  Sam  by  gruvi 
fiJter*,  whsefa  remove  al  resainag  impare  sofid  matter  which  docs  »t 
•tttfe  to  tbr  bottom  of  the  treating  tank.  The  pipes  conducting  Hi 
water  from  (he  nettling  tanks  to  the  filter  are  fitted  with  a  flexible  ji>i«l 
Hint  float  11  that  the  outlet*  are  near  the  surface  at  all  times,  rising  ami 
falling  with  the  water  level.  From  the  filters  the  purified  water  p»> 
i  .■  into  lb'  clcdi  ivstei  rtoragi  reservoir,  from  which  il  is  puropri 
Into  «ii  open  heater  and  thence  to  the  boiler.  This  system  is  inti-ntiit- 
tnil  in  operation,  and  in  order  to  provide  sufficient  time  for  thorough 
«|iiiliiliinl  L'Mtmimt  of  largo  quantities,  two  or  more  settling  tankn 
i'iii|iloyi<il.     Ilnth  llir  Wi*-F'*ii-<!o  and  Scaife  systems  are  niodifiril  in 

ruimlwf  Hi*  wii.vh  i rt  different  condition*. 

|''lg  in.  iiliow-  Mm-  general  arrangement  of  the  Anderson  systan 
l in  |ittivimtlllg  I'limiiltm  In  pundonsera  and  removing  oil  from  condrW 
nh.iHii       Tlii>  method  iHiiiHMtjt  in  injecting  into  the  exhaust  steamwif 

I >>.     ,      i tin'   I'li'lii'iitor   tn   the  condenser  ;i   solution  contaaw? » 

iniauiitHtil  which  eltangiw  "»'  emulsion  of  the  cylinder  oil  to  a  flair 
eomhium  ..i  lltnl  M  (iirt.v  Ih'  aeparated  by  settling,  flotation, erfltai* 
I'd,'  hi  |omi|i  deliver-,  live  water  to  the  settling  tank  Ft 
I  .k.»  lo  the  open  irntvity  filters  (1,  0,  of  a  superfidal  area, 

i    "   M  ""  '•'  bt  pvtmd  and  containing  a  filter hajsf: 

I, vi    i.l    i-M)«hn1  o,n:iitf.     'Hits  will  run  about  four  dsyi 

m  ,i  u,(  .In',  nttrt Hwieuey.  »fter  which  time  the  bed 

,|v,»»i,  ,«  lnvv  '""  IV  "»vh*nk-al  agitators  and  Bushed  with 
1st   whWh.  ill  hUpurMt*  ■■»  rarried  to  the  sewer.     The  nha 
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pared  in  tank  A,  in  which  the  water  level  is  preserved  by  a  ball  [ 
and  into  which  filtered  water  is  admitted  tlirough  pipe  B,  while 
substance  with  which  the  water  is  treated  is  pumped  in  through  lb 
pipe  D  by  a  small  pump  operated  from  the  main  engine.     Tl 
the  "rose  head"  above  the  condenser  is  controlled  by  the  valve  £ 
and  a  meter  in  this  pipe  records  the  amount  being  fed.     The 
ordinarily  required  for  "make  up"  is  sufficient  to  carry  in  the  soluIJa 
There  is  very  little  loss  of  water,  and  the  rapid  corrosion  of 
denser  tubes,  which  has  been  so  great  an  obstacle  to  the  successful  I 
of  surface  condensers,  is  much  reduced.     The  chemicals  used  perk 
a  twofold  duty,  viz.,  to  neutralize  the  water  and  make  if  chcmicali; 
inactive  and  to  coagulate  the  oily  matter  contained  in  the  steani  w 
that  mechanical  filtration  is  possible.     (Power,  June,  1903,  p.  3(H.) 

Water-softening  plants  cost  from  ?4  to  $5  per  horse  power  for  plant* 
of  1000  horse  power  and  less,  from  $3  to  $4  for  plants  of  1000  to 
horse  power,  and  as  low  as  $1.50  for  plants  of  5000  horse  power  on 
The  depreciation  of  wooden  tanks  is  as  high  as  15  per  cent  a  year,  i 
that  of  steel  tanks  should  not  be  greater  than  5  per  cent.  Unless 
tanks  are  considerably  cheaper  than  steel  tanks  they  are  not  a  good 
investment.  The  cost  of  water  purification  varies  from  a  fraction  of  i 
cent  to  2  cents  per  1000  gallons,  depending  upon  the  size  of  tbepLu! 
and  the  quantity  and  character  of  the  impurities.  (American  Eki'triiim 
March,  1905,  p.  125.) 

Water  Softening  ami  Trjmime.nl  for  Poicer  Plant  Purposes:    Chem.  Engr.,  Ja, 
1910,  p.  5;   Eng.  News,  June  6,  1012,  p.  10S7;   Ry.  Age  Gawtte,  Aug.  B 
p.  288;   Ry.  Master  Mechanic,  May,  1910,  p.  153;  Power,  May  28,  1912, 
Apr.  18,  1911,  p.  S98;   Prac.  Engr.,  V.  8.,  Mar.,  1910. 

283.  Economy  or  Preheating  Feed  Water.  —  Although  a  feed-MW 
heater  acts  to  some  extent  as  a  purifier  its  primary  functiou  $  that 
of  heating  the  feed  water.     Generally  speaking,  for  every  10  degrw 

that  the  feed  water  is  heated  there  is  a  gain  in  heat  of  1  per  cent  and* 
corresponding  saving  of  coal,  if  the  heat  which  wanna  the  feed  w*** 
would  otherwise  be  wasted.  Again,  the  smaller  the  difference  in 
pcraturo  between  the  steam  and  the  feed  water  the  less  will  lw  the  sow 
on  the  boiler  shell  due  to  unequal  expansion  and  contraction,  an'1311 
of  no  small  consequence. 

if  //  represents  the  heat  content  of  the  steam  above  32  degree* '■ 
t„  the  temperature  of  the  cold  water,  and  ( the  temperature  of  the  m* 
leaving  the  heater,  then  S,  the  per  cent  gain  in  heat  due  to  hcatinf  ^ 
feed  water,  may  be  expressed 

(t-to) 


i  =  1007 


-  Co  -  32) 
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•ression  is  not  theoretically  correct,  since  it  assumes  a  con- 
e  of  unity  for  the  specific  heat,  whereas  the  specific  heat 
i  the  temperature.  The  variation  is  so  slight,  however,  that 
neglected  for  all  practical  purposes. 

:   Steam  pressure  100  pounds  gauge;   temperature  of  water 
eater  80  degrees  F.;    temperature  of  water  leaving  heater 
s  F.     Required,  saving  due  to  heating  the  feed  water, 
(from  steam  tables)  is  1188,  *0  =  80,  t  =  210. 

(210  -  80) 
°  1188-  (80-32) 

=  11.4  per  cent. 

nula  gives  the  thermal  saving  only,  and  the  first  cost  of  the 
erest,  depreciation,  attendance,  and  repairs  must  be  taken 
leration  before  the  net  saving  measured  in  dollars  and  cents 
led.  In  the  average  installation  the  net  saving  is  a  sub- 
e. 

based  upon  formula  (196)  may  be  used  in  determining  the 
3  of  saving  due  to  the  increase  in  feed-water  temperature. 

TABLE  91. 

,E  OF  SAVING  FOR  EACH  DEGREE  OF  INCREASE  IN  TEMPERATURE 

OF  FEED  WATER. 

(Baaed  on  Marks  &  Davis  Steam  Tables.) 


Boiler  Pressure  Above  Atmosphere. 

20 

40 

60 

80 

100 

120 

140 

160 

180 

200 

>  .0857 

.0851 

.0846 

.0843 

.0841 

.0839 

.0837 

.0835 

.0834 

.0834 

>  .0863 

.0856 

.0853 

.0849 

.0846 

.0845 

.0843 

.0841 

.0840 

.0839 

1  .0871 

.0864 

.0859 

.0856 

.0853 

.0852 

.0850 

.0848 

.0847 

.0846 

.0878 

.0871 

.0867 

.0864 

.0861 

.0859 

.0857 

.0855 

.0854 

.0853 

i  .0886 

.0879 

.0874 

.0871 

.0868 

.0867 

.0865 

.0863 

.0862 

.0861 

.0894 

.0887 

.0882 

.0878 

.0876 

.0874 

.0872 

.0871 

.0870 

.0869 

.0902 

.0895 

.0890 

.0887 

.0884 

.0882 

.0880 

.0878 

.0877 

.0876 

.0910 

.0903 

.0898 

.0895 

.0892 

.0890 

.0888 

.0886 

.0885 

.0884 

.0919 

.0911 

.0906 

.0903 

.0900 

.0898 

.0896 

.0894 

.0893 

.0892 

.0927 

.0919 

.0915 

.0911 

.0908 

.0906 

.0904 

.0902 

.0901 

.0900 

.0936 

.0928 

.0923 

.0919 

.0916 

.0915 

.0912 

.0911 

.0910 

.0909 

.0945 

.0937 

.0931 

.0928 

.0925 

.0923 

.0921 

.0919 

.0918 

.0917 

.0954 

.0946 

.0940 

.0987 

.0933 

.0931 

0930 

.0928 

.0927 

.0926 

.0963 

.0955 

.0948 

.0946 

.0942 

.0940 

.0938 

.0936 

.0935 

.0934 

.0972 

.0964 

.0958 

.0955 

.0951 

.0948 

.0947 

.0945 

.0944 

.0943 

.0982 

.0973 

.0968 

.0964 

.0960 

.0958 

.0956 

.0954 

.0953 

.0952 

.0992 

.0983 

.0977 

.0973 

.0969 

.0968 

.0965 

.0964 

.0963 

.0962 

.1002 

.0993 

.0987 

.0983 

.0978 

.0977 

.0974 

.0973 

.0972 

.0971 

.1012 

.1003 

.0997 

.0993 

.0989 

.0987 

.0984 

.0983 

.0982 

.0981 

.1022 

.1013 

.1007 

.1003 

.0999 

.0997 

.0994 

.0992 

.0991 

.0990 

.  1032 

.1023 

.1017 

.1013 

.1009 

.1007 

.1004 

.1002 

.1001 

.1000 

.  1043 

.10341 

.1027 

.1023 

.1019 

.1017 

.1014 

.1012 

.1011 

.1010 

.  1054 

.1044| 

.100S| 

.1034 

.1029 

.1027 

.1024 

.1022 

.1021 

.1020 

'actor  in  the  table  corresponding  to  any  given  initial  temperature  of  feed  water  and  boiler 
total  rise  in  feetl- water  temperature;  the  product  will  be  the  percentage  of  saving. 


Feed-water  Heating.  —  Power,  June  25,  1912;  Eng.  News.  Sept.  9,  1909,  p. 2 
Elec.  WW.,  March   2,   1911,  p.   551;    Meeh.   Engr.,  Nov.  5,   1909,  p.  58$  Eup. 
U.  S.,  Jan.  1,  1906,  p.  8,  Aug.  15,  1904,  p.  15;   St.  Ry.  Jour.,  July  22,  1905,  p.  ltS;  ' 
Am.  Eloeo.,  Dec,  1904,  p.  570;  Am.  Elecn.,  Nov.,  1904;  Engr.,  Lond.,  July  2S, 

281.  Classification  of  Feed-water  Heaters.  —  Feed-water  heaters  nav 
be  classified  according  to  the  source  of  heat,  as 

1.  Exhaust  steam,  in  which  the  heat  is  received  from  the  exhaust'/ 
engines,  pumps,  etc. 

2.  Flue  gas,  in  which  the  waste  chimney  gases  are  the  source  of  l!n 
heat. 

3.-  Live  steam  purifiers,  or  those  using  steam  at  boiler  pressures;  if 
according  to  the  method  of  heat  transmission,  as 

1.  Open  heaters,  in  which  the  steam  and  feed  water  mingle  and  the 
steam  in  condensing  gives  up  its  heat  directly  to  the  water. 

2.  Closed  keaUrs,  in  which  the  steam  and  water  are  in  separate 
chambers  and  the  steam  gives  up  its  heat  to  the  water  by  conduction 

Heaters  may  also  be  classified  according  to  the  pressure  of  the  beat- 
ing steam,  aa 

1.  Vacuum  or  primary,  in  which  the  pressure  is  less  than  atniosjilnfic 
and  applies  particularly  to  heaters  utilizing  the  exhaust,  of  con  (if  rising 
engines.  These  are  always  of  the  closed  type.  Open  heaters  ia  which 
the  pressure  is  less  than  atmospheric  are  not  usually  classed  as  vacuum 
heaters. 

2.  Atmospheric  or  secondary,  in  which  the  pressure  is  atmosphcrif 
or,  literally,  that  corresponding  to  the  back  pressure  on  the  engiaa 
and  pumps. 

3.  Pressure,  in  which  the  pressure  corresponds  to  that  in  the  boiler 
and  in  which  the  heat  is  used  primarily  for  purifying  purposes. 

CLASSIFICATION  OF  A  FEW  TYPICAL  HEATERS. 


Open AtmoK|.i)g<- 


Ctorf..  I*1""*™ 

(  Vacuum  or  prL-asure  . 


Live  Steam Open Pressure 


Cochrane 
Hoppes 
StillneU 
Webster 

Wheeler...  J  Tui* 

Otis |  Sums 

Berryman  .J Tut* 

American 
Sturtcvant 

Hoppes 

Baragwanatb 
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Mltn  m:iy  be  still  further  classified  ay 

fnduced,  is  which  only  such  steam  is  admitted  as  is  induced  by 
indentation.  That  is,  the  feed  water  condenses  the  steam.  This 
es  a  partial  vacuum  which  draws  in  more  steam. 

Through,  in  which  all  the  steam  is  forced  through  the  heater 
jective  of  condensation. 
.  Open  Heaters.  —  Fig.  347  gives  a  sectional  view  of  a  Cochrane 
a]  feed  heater  and  receiver  and  is  a  typical  example  of  an  open 


Exhaust  steam  enters  the  heater  through  a  fluted  oil  separa- 
tor as  indicated,  and  passes  out  at  the  top,  while  the  oily  drips  are 
Automatically  drained  to  waste  by  a  suitable  ventilated  float.  The 
teed  water  enters  through  au  automatic  valve  and  is  distributed  c 
b.  series  of  copper  trays  so  arranged  and  constructed  that  the  water  i 
forced  to  fall  in  a  finely  divided  stream  before  reaching  the  reservoir  ii 
*  b."  bottom.  The  steam  coming  in  contact  with  the  water  j 
(pvea  up  latent  heat  and  condenses.     Much  of  the  scale-forming  e. 
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is  deposited  on.  the  surface  of  the  trays,  from  which  it  is  readily  ram 
The  suspended  matter  is  eliminated  by  a  coke  filter  in  the  botto 
the  chamber,  and  the  floating  impurities  are  decanted  by  a  slot 
or  overflow  weir.  The  particular  heater  shown  in  the  Ulustrati 
especially  designed  for  use  in  a  steam-heating  plant;  i.e.,  besides 
forming  all  the  functions  of  an  open  heater,  it  provides  for  the  rece 
and  heating  of  the  condensation  returned  to  it  from  the  heating  qyi 


FlO.  348.     Section  Through  Webster  Heater. 


Fig.  348  gives  a  sectional  view  of  a  Webster  "star  vacuum"  he 
Water  enters  the  heater  through  balanced  valve  F,  which  is  contr 
by  ISoat  E,  ami  is  deflected  over  a  series  of  perforated  copper  trays ' 
Exhaust  steam  enters  at  A,  passes  through  oil  filter  S,  and,  min 
with  the  finely  divided  streams  of  water,  gives  up  its  latent  heatai 
condensed.  Only  so  much  steam  enters  the  heater  as  is  condense 
the  feed  water.  The  condensed  steam  and  feed  water  fall  to  the  bo 
of  the  upper  chamber,  maintaining  a  practically  constant  level' 
From  this  upper  or  heater  chamber  the  water  gravitates  to  the  set 
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niUi'  at  the  bottom,  through  clown-cast  pipe  CB.  From  the  settling 
mber  the  water  rises  through  perforated  screen  .1/  and  filtering 
lerial  P  to  the  outlet  0.  A  large  portion  of  the  scale-forming  element 
Hi-. ■i[iit.;itc<l  on  the  trays  or  collects  in  the  settling  chamber  at  the 

Tg.  349  shows  a  section  through  a  Hoppes  open  heater,  illustrating 

p:ui"  type-     Exhaust  steam  enters  al  II,  panes  through  oil  filter 

nnd  completely  surrounds  pans  T,  T.     The  feed  water  enters  at  S, 

I  the  rate  of  flow  a  regulated  by  valve  F,  which  is  controlled  by  a 


Flu.  348.      Hoppes  Hoi 


float  in  the  lower  part  of  the  cham!>er.     The  water  in  flowing 
,e  sides  and  bottoms  of  the  pans  conies  in  direct  contact  with 

Combined    Open    Healer    and     Chemical     Purl  Her.  - — Combined 

iter  heaters  and  chemical  purifiers  are  finding  increased  favor 
ineers  in  many  districts  where  the  feed  water  is  particularly 

A  description  of  the  Webster  combination  will  be  found  in  Part.  II 
general  catalogue  issued  by  the  Warren  Webster  Company, 
i.  X.  J,     A  description  of  the  Cochrane-Sorge  combined  heater 

lemical  purifier  will  be  found  in  the  heater  catalogue  issued  l.v  £hfl 
m  Safety  Boiler  Works,  Philadelphia,  Pa. 

Temperatures  la  Open  Heaters. — The  temperature  to 
raised  in  an  open  heater  may  be  determined  as  follow 
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Let  H  represent  the  heat  content  of  the  steam  entering  the  heater, 
t„  the  temperature  of  the  water  entering  heater, 
( the  temperature  of  the  water  leaving  heater,  and 
5  the  ratio  of  exhaust  steam  to  the  feed  water,  by  weight. 
Then,  allowing  a  loss  of  10  per  cent  due  to  radiation,  etc.,  0.9 
i,H  —  t  +  32)  will  be  the  B.t.u.  given  up  by  the  exhaust  steam  k)  wk 
pound  of  feed  water,  and  (t  —  t,)  will  be  the  B.t.u.  absorbed  by  radi 
pound  of  water. 
Therefore  0.9  S  (H  -  t  +  32)  =  t  -  tp,  from  which 
U  +  0-9  S  (H  +  32) 
1+0.9.S 


(IB] 


If  more  steam  passes  through  the  heater  than  can  be  continue  k 
the  feed  water,  then  this  equation  gives  I  a  fictitious  value;  in  ollwr 
words,  ( can  never  lie  greater  than  the  temperature  of  the  exhaust  strain. 

Substituting  t  —  212,  the  maximum  obtainable  temperature  wjii 
exliaust  steam  at  atmospheric  pressure,  and  solving  for  S,  we  Bod  M 
only  17  per  cent  of  the  main  engine  exhaust  is  necessary  to  heat  tit 
feed  water  to  a  maximum.     f»  is  assumed  to  be  60  degrees  F. 

Table  92  has  been  determined  from  this  equation  and  gives  the  final 
temperatures  obtainable  in  open  heaters  for  various  conditions  of 
operation. 

TABLE  92. 

FINAL    FEED-WATER   TEMPERATURES.      OPEN    HEATER. 

fTwnwranmef  Mean,  2]2iieKreeaF,) 


' 

itial  Terapmture  of  Fred  Walei 

.*■»,. 

t . 

60 

00 

TO 

so 

90 

100 

110 

120 

1M 

1 

2 

60.1 

69. 9 

79.7 

S9.5 

94,4 

109.2 

119.0 

128.8 

138.7 

I4S-1 

3 

69.  B 

79. e 

89.2 

90.1 

108.  t 

118.  f 

128.2 

138.0 

147,8 

IS7..1 

"a 

4 

79, t 

89.1 

98.! 

108. 5 

118.1 

127.! 

137. 4 

147.1 

156  7 

1(1  ( 

6 

ss.c 

08. ( 

108. 1 

117.5 

127.  i 

136.  i 

146.4 

155.9 

185.5 

111,1 

A 

as.; 

107.1 

117.2 

126.1 

136.1 

145.1 

155.5 

164.7 

174  2 

IMf 

ti 

7 

107.  4 

ne.  t 

126.: 

135.  ( 

145.  ( 

154.  4 

109.1 

173.2 

182.5 

1MI 

8 

116.4 

125. 1 

135.  t 

144.4 

153.1 

163.  ( 

172.4 

181.8 

191.0 

"INI  J 

9 

125.5 

131.5 

143.1 

153.  ( 

162.5 

171.5 

1*0.1 

190.0 

199.3 

r 

10 

133.; 

143J 

152.; 

m.i 

170. 1 

179.! 

189. ( 

198.1 

207.  S 

nl.o 

142.  S 

151. 1 

leo.; 

too.; 

[78  1 

188.1 

197. ( 

'J  0(1.  2 

212.0* 

s, 

12 

150.9 

15B.9 

168.9 

177.9 

187.0 

196.0 

205.0 

212.0- 

212. 0* 

in* 

Example:  A  power  plant  has  1200  i.h.p.  of  engines  using  20  pound* 
of  steam  per  i.h.p.  hour.  Auxiliaries  use  equivalent  of  10  per  cart"' 
main  engine  steam.     Pressure  in  heater  0  pounds  gauge,  tempera'"" 
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>-well  supply  110  degrees  F.  Required  temperature  of  feed  water 
ig  heater. 

re  H  =  1150  (from  steam  tables),  4>  =  HO,  S  =  0.10. 

>stituting  these  values  in  (105), 

0.9  X  0.10  (1150  -  t  +  32)  =  t  -  110. 

t  =  198  degrees  F. 

Pan  Surface  Required  In  Open  Feed-water  Heaters.  —  Pan  or 

jurface  required  varies  according  to  the  quality  of  the  water  with 
1  to  both  scale-making  material  and  mud,  and- may  be  approxi- 
1  by  the  formula 

.             rx       Lb.  of  water  heated  per  hr.  X  horse  power       /<g  -ox 
urface,  sq.  ft.  = - - •     (198) 


Horizontal 
Type. 


ry  muddy  water,  c 118  110 

y  muddy  water,  c 166  155 

jan  water,  c 500  400 


Size  of  Shell,  Open  Heaters.  — General  proportions  of  open  heaters 
considerably  on  account  of  the  different  arrangements  of  pans  or 

filter  and  oil-extracting  devices.  A  fair  idea  of  the  size  of  shell 
ed  may  be  obtained  by  the  formulas 


(199) 


(200) 


a         t  i_  ii  Horse  power 

Area  of  shell  =     w  T — -£—. — * — -> 

a  X  length  in  feet 

T     _il    *  i-  ii  Horse  power 

Length  of  shell  =  — — -. — j — -> 

a  X  area  m  square  feet 

a  =  2.15  very  muddy  water, 

a  =  6       for  slightly  muddy  water, 

a  =  8 .     for  clean  water. 

orse  power  in  this  case  is  obtained  by  dividing  the  weight  of  water 
1  per  hour  by  the  steam  consumption  of  the  engine  per  horse 
•  per  hour. 
is  containing  2.5  square  feet  and  less  are  usually  made  round,  and 

sizes  rectangular  in  plan.     When  circumstances  will  permit  it 
ter  to  have  not  more  than  six  pans  in  any  one  tier,  since  it  is 
ible  to  proportion  the  pans  so  as  to  obtain  as  low  a  velocity  over 
lis  practicable, 
tance  between  trays  or  pans  is  seldom  less  than  one-tenth  the 

for  rectangular  and  one-fourth  the  diameter  for  round 


: 


m*  4  mm* 

********* 
+*■    mnm+m 


(?.  »fcfeW    »♦   l    W*   >  3T    S-l  «fa-  «  _T 


fertJM,  Fig.  Ja.««i6 
2.  Ciwtoarafcitai 


WaliT  till"'  Ih'uIits  limy  bo  ntill  furlhiT  classified  as  -N 

I     Sin,ilr  rf.'ir,  iu  wliU'li  I  ho  water  Hows  through  the  heatere  ii 
,iu>vtio»'onlj.  KiR.  MO. 
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Multi-flow,  in  which  the  water  flows  back  and  forth  a  number  of 
s,  as  in  Fig.  352. 

Coil  heater,  in  which  the  water  flows  through  one  or  more  coils, 
tt  Fig.  353. 

1.  Water-tube,  Closed  Heaters.  —  Fig.  350  shows  a  section  through 
ed-water  heater  of  the  single-flow  straight-tube  type.    The  tubes 

is 


3.  352.     Wainwright  Multi-flow 
Closed  Heater. 


Exhaust 
.nnlnnn  n  i*inn.  Outlet 


Feed 
Outlet 


Fig.  353.     Typical  Coil  Heater. 


of  plain  brass  and  the  shell  of  cast  iron.  The  tubes  are  expanded 
the  tube  sheets  by  a  roller  expander.  To  provide  for  expansion 
upper  tube  sheet  and  water  chamber  are  secured  to  the  main  shell 
neans  of  a  special  expansion  joint  the  details  of  which  are  shown 
ig.  351.  R  is  a  ring  or  gasket  of  soft  annealed  copper  and  G,  0 
gaskets  of  special  packing  with  brass  wire  cloth  insertion.     Th' 
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gaskets  form  a  flexible  expansion  joint  between  C  and  tube  sheet  D, 
that  the  whole  upper  chamber,  which  is  carried  solely  by  the  tubt 
is  free  to  move  up  and  down  as  the  tubes  expand  or  contract  undo 
varying  temperatures. 

Fig.  352  shows  a  section  through  a  Wainwright  heater,  illustnrtisj 
the  multi-flow  water-tube  type.  The  body  of  the  heater  is  of 
iron,  the  tubes  of  corrugated  copper.  The  water  passes  through  the 
tubes  and  the  steam  surrounds  them.  The  feed  water  and  exhaust 
steam  do  not  mingle,  and  hence  the  oil  in  the  exhaust  does  nut 
taminate  the  water.  The  water  chambers  are  divided  into  sevmi 
compartments,  as  shown  in  the  illustration,  and  the  partitions 
arranged  that  the  flow  of  feed  water  is  directed  back  and  forth  HUOQjl 
the  various  groups  of  tubes  in  succession.  This  arrangement  pwi  I 
higher  velocity  of  flow  than  the  nou-return  type  of  heater,  and  therefon 
increases  the  rate  of  heat  absorption.  The  mud  and  impurities  *m 
at  the  bottom  and  are  discharged  through  the  mud  blow-off.  Siieii 
impurities  as  rise  to  the  surface  are  removed  by  the  surface  bltnwff. 
The  tubes  are  corrugated  to  allow  for  expansion  and  at  the  samt'  lime 
to  increase  the  transmission  of  heat.  Referring  to  Fig.  352:  Exhamt 
steam  enters  at  A  and  leaves  at  E,  and  the  portion  which  is  eonAun 
is  drawn  off  at  D.  Feed  water  enters  at  /  and  is  discharged  at  0,  P, 
P  are  mud  blow-offs  and  S  is  an  opening  for  a  safety  valve.  Fig.  3.i8 
gives  results  of  tests  showing  the  relative  efficiencies  of  plain  and  corru- 
gated tubes  for  various  velocities. 

Fig.  353  shows  a  partial  section  through  a  Harrisburg  feed-wato 
heater.  This  apparatus  is  a  typical  example  of  the  coiled-tube  beattr. 
Three  sets  of  concentric  copper  coils  are  brazed  to  gun-metal  manifold; 
and  supported  by  clamp  stays  as  indicated  in  the  illustration.  Fad 
water  enters  the  heater  at  the  bottom  manifold  and  passes  through 
the  coils  to  the  feed  outlet.  The  exhaust  steam  enters  the  heater  4 
the  bottom  and  surrounds  the  coils  in  its  passage  to  the  outlet  at  the 
top.  The  coils  are  designed  to  withstand  a  pressure  of  600  pouni 
per  square  inch. 

292,  Steam-tube,  Closed  Heaters. — -Fig.  354  shows  a  section  throuab 
an  Otis  heater,  illustrating  the  steam-tube  type.  Here  the  exhaust 
steam  passes  through  the  tubes  which  are  surrounded  by  the  feedwatw. 
The  exhaust  steam  enters  at  A,  and  passes  down  one  section  of  tubs 
into  the  enlarged  space  of  the  water  and  oil  separator  0.  in  which  tif 
co  mien  sat  ion  and  oil  are  deposited.  From  this  chamber  the 
puHMCH  up  through  the  other  section  of  tubes  to  outlet  C,  thus , 
twice  through  the  entire  length  of  the  heater.  The  water  enters  at  J 
and  is  discharged  at  G.     R  is  the  blow-off  opening.     The  tubes  arerf 


PS. 
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mless  brass  and  are  curved  to  allow  for  expansion.  Condensed 
un  is  withdrawn  at  P. 

rig.  355  shows  a  partial  section  through  a  Baragwanath  steam 
keted  steam-tube  heater.  Exhaust  steam  enters  at  A,  passes  up 
ough  the  tubes,  returns  down  annular  space  E  between  the  inner 


ell  and  jacket,  and  passes  out  at  B.  Feed  water  enters  at  C  and 
ives  at  D.  E  is  the  scum  blow-off,  G  the  heater  drain,  and  H  the 
iket  drain. 

M.  Heating  Surface,  Closed  Heaters.  —  It  is  generally  assumed 
it  the  transfer  of  heat  between  two  bodies  is  directly  proportional 
the  difference  in  temperature  between  them. 
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Let      to  =  temperature  of  the  water  entering  the  heater; 

Ut  =  temperature  of  the  water  leaving  the  heater; 

t,  =  temperature  of  the  exhaust  steam; 

A  =  square  feet  of  transmitting  surface; 

t  =  temperature  of  a  unit  of  water  ('  seconds  after  entering 
the  heater; 

h  =  B.t.u.  absorbed  per  square  foot  per  second  per  degree 
difference  in  temperature  between  the  steam  tempera- 
ture tt  and  the  water  temperature  t; 

t'  =  time  in  seconds; 

w  =  number  of  pounds  of  feed  water  per  second; 

A 

Then  —  =  square  feet  of  surface  brought  in  contact  with  one  pound 

of  water  per  second; 

and  dt,  the  rate  at  which  the  temperature  of  the  water  is  increasing 

at  this  instant,  will  be 

hA 
<H=  —  (t.-t)  dt'.  (201) 

*     =—  dt'.  (202) 


Integrating, 


U  —  t       w 


J  U  —  t       w  J 
J  t0    U  -  t       w  J9 


(203) 


.       U  —  /o      hAt'  . 

log,  —        =  — -  •  2b) 

tg  —  h         w 

Let  W  =  number  of  pounds  of  feed  water  heated  per  hour. 

U  =  B.t.u.  transmitted  to  the  feed  water  per  square  foot  of  surface 
per  hour  per  degree  difference  in  temperature. 

Then  (205)  may  be  written 

,1  =£iok,£-=-J'.  (207) 


from  which 


Knowing  the  weight  of  water  to  be  heated,  the  temperature  of  the 

steam,  the  desired  temperature  of  the  feed  water,  and  the  coefficient  of 

iv:ut  transmission,  U,  this  equation  enables  one  to  determine  the  area 

t  lifting  surface  required  for  the  given  conditions.     Since  the  extent 

.:   i^-i-iz-i  surface  increases  rapidly  as  L>  approaches  t„  and  becom* 
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aity  for  U  =  t9,  it  is  desirable  to  limit  fe  to  some  practical  figure, 
average  maximum  for  h  =  t9  —  4. 

'able  93  has  been  calculated  from  this  formula  and  gives  the  square 
of  heating  surface  necessary  to  heat  1000  pounds  of  water  per  hour 
different  ranges  in  temperature. 

Mean  Temperature  Difference. 

f  we  let  d  =  average  temperature  difference  between  the  steam  and 
I  water,  then 

AUd  =  heat  given  out  by  the  steam  per  hour, 
W  (U  —  U)  =  heat  absorbed  by  the  feed  water  per  hour, 
AUd  =  TF(fe-fr),  (208) 

d  =  W{luk)-  (209) 

m(206),  W-**tt 

a-efore  d  -     k  ~  *  .  •  (210) 

t,  —  to 


log.^ 


lation  210  may  be  expressed 

d=i^\  *     (211) 

vhich  <  is  the  original  temperature  difference  and  t'  the  final  tempera- 

e  difference  of  the  two  fluids.     Equation  211  is  applicable  to  all 

ditions  of  parallel  and  counterflow. 

?able  94  has  been  calculated  from  formula  (210)  and  gives  the  mean 

iperature  difference  for  various  conditions  of  operation. 

rhe  arithmetic  mean  temperature  difference  d\  may  be  taken  with 

sty  for  the  average  heater  problem  and  has  the  advantage  of  sim- 

%. 

A  =  L  -  ^  •  (212) 

Closed  heaters  are  sometimes  rated  on  the  basis  of  $  square  foot  of 
ting  surface  per  horse  power,  i.e.,  a  heater  with  500  square  feet  of 
ting  surface  would  be  rated  at  1500  horse  power. 
H.  Heat  Transmission  in  Closed  Heaters.  —  An  inspection  of  the 
ires  in  Figs.  320  and  356  show  that  the  absorption  of  heat  per  square 
'*  of  surface  per  degree  difference  in  temperature  varies  with  the 
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velocity  of  the  water  and  the  material  and  character  of  the  tubes.  It- 
creasing  the  velocity  of  the  water  passing  through  the  heater  increase 
the  rate  of  heat  transmission  and  thereby  renders  the  heating  surface 
more  effective.  In  order  to  employ 
moderately  high  velocities  and  it 
the  same  time  allow  sufficient  ana 
in  which  to  raise  the  temperature 
to  a  maximum,  the  tubes  should  be 
as  long  as  practicable  and  of  smD 
diameters.  Other  things  being  eqial, 
a  heater  containing  a  large  numbs 
of  tubes  of  small  diameter  is  mora 
economical  than  one  containing  ■ 
small  number  of  large  tubes.  It  n 
important  to  proportion  the  heater 
according  to  the  amount  of  water  to 
be  heated  and  the  maximum  tem- 
perature to  which  the  water  mart 
be  raised.  In  designing  a  heats, 
then,  the  maximum  amount  of  beat 
to  be  transmitted  per  degree  differ- 
ence in  temperature  per  hour  pet 
square  foot  should  be  assumed,  and 
the  velocity  of  the  water  made  such 
that  it  is  capable  of  absorbing  this 
amount.  A  good  average  figure  for 
multi-flow  heaters  is  U  =  250  B.t.u. 
for  plain  brass  or  copper  tubes  and 
1  'Iu- 35n  T  =  300  B.t.u.  for  corrugated  tube 

i  a  water  velocity  of  50  feet  per  minute;  for  single-flow  heaters, 
=  175  (fur  plain  brass)  with  a  water  velocity  of  12.5  feet  per  minute 
for  coil  heaters  V  =  300  (copper)  with  a  water  velocity  of  150  feet 
minute.  These  figures  are  for  water-tube  heaters  only.  For 
m-tiiiH"  heaters   (iron  tubes)   a  good   average  figure  is    U  «  120. 

or i< tensers  operating  with  counter 
pable  of  obtaining  a  higher  final 
hi  thus,-  operating  with  parallel  currents.  For  amatbe- 
dii  iif  the  parallel  ami  counter-current  flow  see  "Evapo- 
ing  mid  <  'noling  Appn rat  us."  byE.  Hausbmnd,  Chapter  I. 
v  siippiwtl  that  the  pressure  of  the  steam  and  water 
lias  little  influence  on  the  heat  transmission  other  than 
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that  due  to  increased  temperature  difference,  but  experiments  recently 
conducted  seem  to  show  that  the  pressure  has  a  marked  influence. 
Tests  made  by  0.  M.  Row  (Industrial  Engineering,  April,  1912,  p.  314) 
seem  to  show  that  the  transmission  of  heat  from  steam  to  water  falls  off 
as  the  pressure  is  increased,  and  that  when  the  water  and  steam  pressures 
become  equal  a  further  increase  of  water  pressure  has  no  effect.  Similar 
results  were  obtained  from  experiments  conducted  by  A.  H.  Tuells 
(Engineering,  Feb.  23,  1912).  The  following  results  were  obtained  from 
the  tests  made  by  Row. 

GALLONS  (IMPERIAL)  OF  WATER  PER  HOUR  RAISED  100°  F.  IN 
TEMPERATURE  UNDER  DIFFERENT  STEAM  AND 

WATER  PRESSURES. 


Water  Pressure, 
Lbs.  per  Sq.  In. 

Steam  Pressure,  Lbs.  Per  Sq .  In. 

LOO 

50 

25 

5 
10 
20 
30 
40 
50 
60 
80 
100 

215 

180 

143 

120 

104 

93 

87 

83 

82 

125 
104 
78 
64 
56 
54 
54 
54 
54 

46 
40 
36 
35 
35 
35 
35 

Ift- 
ft 


Transmission  of  Heat  from  Steam  Through  Surfaces:  Engng.,  Feb.  9,  1912,  p.  191. 


b.  Example:  Determine  the  size  of  vacuum  and  atmospheric  heaters 

£  for  a  condensing  plant  of  1200  i.h.p.     Engines  use  20  pounds  of  steam 

I  per  i.h.p.  hour;  auxiliaries  use  the  equivalent  of  10  per  cent  of  the  main 

|  engine  steam;   vacuum  25  inches  referred  to  30-inch  barometer;   feed 

^  water,   to  =  50  degrees;    temperature  of  hot  well,  U  =  110  degrees; 

^  coefficient  of  heat  transmission,  U  =  300  B.t.u. 

Vacuum  or  Primary  Heater. 

Feed  water  for  main  engines, 

V,  20  X  1200  =  24,000  pounds  per  hour. 

Feed  water  used  by  auxiliaries, 

10  per  cent  of  24,000  =  2400  pounds  per  hour. 

Total  feed, 

W  =  24,000  +  2400  =  26,400  pounds  per  hour. 
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From  formula  (207), 

=  26,400         134  -  50 
300       g'  134-110 
=  110  square  feet. 

On  the  basis  of  $  square  foot  of  surface  per  horse  power  the  rating  of 

this  heater  will  be 

110  X  3  =  330  horse  power. 

Atmospheric  or  Secondary  Heater. 

The  temperature  of  the  feed  water  leaving  the  atmospheric  heater, 
formula  (197),  will  be 

=  tp  +  0.9S(H  +  32) 
1+0.9S 
where  S  =  0.10,     U  =  HO  degrees,    H  =  1150  B.t.u., 

,      110  +  0.9X0.10(1150  +  32) 

Whence  '  = 1  +  0.9  X  0.10 

=  198  degrees. 

The  required  surface  is 

where  t.=  212,     /0  =  HO,     h  =  198, 

,  ,       26,400.       212  -  110 

whence  A  =  -—  log,  ^^m 

=  175  square  feet. 

The  horse-power  rating  will  be 

175  X  3  =  525  horse  power. 

295.  Open  vs.  Closed  Heaters.  —  Open  and  closed  heaters  have  their 
respective  advantages  and  a  careful  study  of  the  various  influencing 
conditions  is  necessary  for  an  intelligent  choice.  The  following  parallel 
comparison  brings  out  a  few  of  the  distinguishing  features: 

Open   Heater.  Closed   Heater. 

Efficiency. 

With  sufTicient  exhaust  steam  for  heat-  The  maximum  temperature  of  thefw 
insr.  the  feed  water  may  reach  the  water  will  always  be  2  degrees  or  moil 
sarin*  temperature  as  the  steam.  lower   than   the   temperature  of  t» 

Scale    and    oil   do   not    affect    the   heat         steam. 

transmission.  Scale  and  oil  deposit  on  the  tubes*" 

the  heat  transmission  is  lowered.       1^ 
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Open  Heater.  Closed  Heater. 

Pressures. 

is  not  ordinarily  subjected  to  much    The  water  pressure  is  slightly  greater 
lore  than  atmospheric  pressure.  than  that  in  the  boiler  when  placed 

on  the  pressure  side  of  the  pump  as 

.is  customary. 

Safety. 

eking  of  the  back  pressure  valve  may    It  will  safely  withstand  any  pressure 
ause  it  to  "  blow  up  "  if  provision  is        likely  to  occur, 
tot  made  for  such  an  emergency. 

Purification. 

cc  the  exhaust  steam  and  feed  water    Oil  does  not  come  in  contact  with  the 

ningle,  provision  must  be  made  for        feed  water. 

emoving  the  oil  from  the  steam.  Scale  is  removed  with  difficulty. 

ile  and  other  impurities  precipitated 

n  the  heater  are  readily  removed. 

Location. 

»t  always  be  placed  above  the  pump    May  be  placed  anywhere  on  the  pres- 
•uction  and  on  the  suction  side.  sure  side  of  the  pump. 

Pumps. 

* 

th  supply  under  suction  two  pumps    One  cold-water  pump  is  necessary, 
ire  necessary  and  one  must  handle 
lot  water. 

Adaptability. 

rticularly    adaptable    for    heating    All   vacuum  or  primary  heaters   are 
lystems  where  it  is  desired  to  pipe       necessarily  of  this  type. 
,he  "  returns  "  direct  to  heater. 

2N.  "  Through "  Heaters.  —  Fig.  357  shows  a  typical  installation  of 

through  heater  in  a  non-condensing  plant. 

It  is  evident  that  all  the  steam  must  pass  through  the  heater.     Now, 

le  pound  of  exhaust  steam  in  condensing  gives  up  approximately 

WO  B.t.u.     Hence,  if  the  initial  temperature  of  the  feed  water  is 

1000 
>  degrees  and  the  final  temperature  210,  the  engine  furnishes  2in  —  50 

6.26,  say,  six  times  the  quantity  necessary  for  heating  the  feed  water 

a  maximum.     Therefore  the  area  of  the  pipe  supplying  the  heater 

th  steam  need  be  but  one  sixth  that  of  the  main  exhaust.     With  the 

ater  connected  as  in  Fig.  357  the  connections  must  necessarily  be  the 

toe  size  as  the  exhaust  pipe. 

With  this  arrangement  the  heater  cannot  be  "cut  out"  while  the 
Bine  is  in  operation  and  hence  it  is  not  adapted  for  plants  working 
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continuously.  For  the  purpose  of  cutting  out  a  heater  while  the  plid 
is  in  operation  a  through  heater  may  be  by-passed  as  in  Fig,  358.  Ad- 
vantage may  be  taken  here  of  the  permissible  reduction  in  the  sued 
pipes  and  fittings,  i.e.,  valves,  etc.,  at  C  and  D  need  be  but  one  half 


Open  Healer  connected  ua"  Through  "  Heater.      Non  -condcruuo*  Pint 

the  size  of  those  at  A.    This  reduction  in  size  may  prove  to  be  a  con- 
siderable item  in  large  installations. 
297.  Induced  Heaters.  —  Fig.  359  shows  a  typical  installation  of  an 
induced  heater  in  a  non-condensing  plant  and  Fig. 
300  an  induced  primary  heater  in  a  condensing 
plant. 

In  the  arrangement  in  Fig.  359  the  number  of 
fittings  is  reduced  to  a  minimum  and  the  heater 
may  be  readily  cut  out.  Since  induced  heaters 
are  apt  to  become  air-bound,  a  vapor  pipe  or 
vent  is  inserted  in  the  top  of  the  heater  as  shown. 
This  pipe  varies  from  J  to  1^  inches  in  diameter, 
depending  upon  the  size  of  heater. 

Cloixil  Ilratam:  Am.  Eicon.,  May,  1900,  p.  236,  Jut*. 
HHH),  ]>.  354,  Oct..  1905,  p.  530;  Cnsaicr's  Mag.,  Aug..  IMS, 
]j.  330;  Eiir.  V.  S.,  Jan.  1,  1906,  p.  13;  Power,  April,  Mfc 
p.  11. 

288.  Live-steam  Heaters  and  Purifiers.  —  The  function  of  a 
steam  healer  and  purifier  is  primarily  that  of  purification  and  henceii 
is  nut  ordinarily  installed  unless  the  feed  water  contains  scale-forming 
elements  such  ;is  sulphates  of  lime  and  magnesia.  These,  as  previowlj 
stated,  are  not  entirely  precipitated  until  a  temperature  of  approximate!? 
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rrees  F.  is  reached;  hence  no  amount  of  heating  with  exhaust 
it  atmospheric  pressure  will  thoroughly  purify  feed  water  con- 
these  elements. 


Open  Heater  Connected  as  an  "Induced"  Heater.      Non-condensing  Plant. 


363  shows  a  section  through  a  Hoppes  live-steam  purifier.  Since 
ifier  is  subjected  to  full  boiler  pressure,  the  shell  and  heads  are 
:cted  of  steel.     Within  the  shell  are  a  number  of  trough-shaped 


an  "Induced"  Heater.      Condens 


r  trays  placed  one  above  another  and  supported  on  steel  angle 
Steam  from  the  boiler  enters  the  chamber  at  A  and  comes  in 
t  with  feed  water  and  condenses.     The  water  on  entering  the 
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Fig.  361.     Open  Heater  in  Connection  with  a  Low-pressure  Turbine. 


wil  !j  a  Jet  Condense! . 
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/'  is  fed  into  the  top  pan  and,  overflowing  the  edges,  follows 

it  under  side  of  the  pan  to  the  center  and  drops  into  the  pan  bekflft 

flows  Over  each  successive  pan  in  the  same  manner  until  it  reaches 


Fio.  863.    Hoppia 


ie  chamber  at  the  bottom,  whence  it  gravitates  to  the  boiler  through 
ipe  C.  As  the  steam  inclosed  in  tin-  shell  comes  in  contact  with  the 
nin  film  of  water,  the  solids  held  in  solution  are  separated  and  adhere 


Typical 


.  the  bottom  of  the  puns  in  the  same  manner  that  stalactites  form  on 
ic  roofs  of  natural  caves.  Authentic  tests  show  that  live-steam  hitlers 
i ay  increase  the  boiler  efficiency.  (Sec  Power,  Feb.  21,  101).  p.  295.) 
'he  purifier  should  be  set  in  such  a  position  as  will  bring  the  bottom  of 
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h  pipe  nearest  the  point  of  exit  of  gases,  and  emerges  through 
>raneh  pipe  nearest  the  point  where  the  gases  enter.  Each  tube 
with  a  set  of  triple  overlapping  scrapers  which  travel  con- 
up  and  down  the  tubes  at  a  slow  rate  of  speed,  the  object 
teep  the  external  surfaces  free  from  soot.     The  mechanism 
;  the  scrapers  is  placed  on  top  of  the  economizer,  outside 
■,  and  the  motive  power  is  supplied  cither  by  a  belt  from 
enient  shaft  or  small   independent  engine  or  motor.     The 
operating  the  gearing  varies  from  1  to  J  horse  power  per 
feet  of  economizer  surface,  depending  u]>on  the  number 
of  tubes.     The  apparatus  is  fitted  with  blow-off  and  safety 
a  space  is  provided  at  the  bottom  of  the  chamber  for  the 


and 


f  soot.     For  continuous  plant  operation  the  soot  is  automati- 

s  shown  in  the  illustration. 
p  of  economizer  is  also  used  as  an  air  heater  for  drying  n 

The  air  heater  is  similar  in  design  to  the  water  heater 
Deception  of  the  direction  of  flow  and  size  of  tubes.     The  tubes 
r  are  3|  inches  internal  diameter  by  CJ  feet  in  length, 
)  internal  diameter  for  the  water  economizer.     In 
r  enters  at  the  bottom  header  and  passes  out  from 
a  the  former  the  air  is  forced  by  a  fan  first  through  one 
pd  up  through  another  set,  and  then  down  again,  and  so 
pee  tin'  heater. 

of  Econo mixers.  —  The   general   conclusion    drawn   from 
iiee  is  that  an  economizer  installation  results  ii 
nual  saving  in  cost  of  operating  the  plant. 
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Decreased  wear  and  tear  on  the  boilers  due  to  the  higher  feed-tv. 
temperature. 

A  large  storage  of  hot  water  for  sudden  inerease  in  load. 

Purification  of  the  feed  water  due  to  the  high  temperature  in  the  e« 
mizer.  The  scale-forming  elements  do  not  bake  hard  on  the  ecoacin 
tubes  as  they  would  in  the  boiler  where  the  heat  from  the  fire  is  n 
intense,  but  make  a  muddy  deposit  readily  removed  by  blowing  off. 

301.  Factors  Determining  Installation  of  Economizers.  —  The  iac 
to  be  considered  before  installing  an  economizer  are: 

The  nature  of  the  auxiliary  machinery,  direct  connected  or  belto 

Method  of  heating  the  feed  water;  whether  vacuum  and  ;itn 
pheric  heaters  are  used  and  whether  all  or  part  of  the  auxiliary  st< 
is  used  for  heating. 

Initial  temperature  of  the  feed  water;  whether  the  feed  k  tl 
from  the  hot  well  or  from  a  cold  supply. 

Rise  in  temperature  due  to  economizer. 

Cost  of  economizer.     An  approximate  price  is  815  per  tube  w 
on  a  basis  of  15  square  feet  per  tabs.     The  heating  surface  is  rata 
3  to  5  square  feet  per  boiler  horse  power- 
Cost  of  additional  building  space. 

Reduction  in  boiler-heating  surface  made  possible  by  the  econumi 

Extra  cost  of  stack  or  forced-draft  apparatus  necessary  to  compel 
for  loss  of  draft  due  to  economizer.  The  economizer  lessens  the  d 
by  increasing  the  resistance  between  boilers  and  chimney  and  liy 
during  the  chimney  temperature.  Where  the  installation  of  an  ea 
mizer  decreases  the  normal  temperature  of  the  chimney  from,  i 
550  degrees  to  350  degrees  F.,  the  reduction  in  draft  is  approrim* 
25  per  cent. 

Total  cost  of  economizer  plant.  This  depends  largely  upon 
design  and  varies  from  $4  to  87  per  boiler  horse  power. 

Interest,  depreciation,  repairs,  operation,  taxes,  and  insurance. 

Table  95  gives  the  results  of  economizer  tests. 
302.  Temperature  due  to  Use  of  Economlser.  —  The    rise   in  W 
perature  of  f<K*l  water  due  to  the  use  of  an  economizer  may  be  appro 
mated  from  the  following  empirical  formula  advocated  by  tie  On 
Economizer  Company: 

.  _      y  fTi  -  M 


9.1  + 


5v>  +  GC 
2GC     V 


x    =  rise  in  temperature  of  the  feed  water, 

Tj  =  temperature  of  flue  gas  entering  economizer, 
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ti  =  temperature  of  feed  water  entering  economizer, 
w  =  pounds  of  feed  water  per  boiler  horse  power  per  hour, 
G  =  pounds  of  flue  gas  per  pound  of  combustible, 
C  =  pounds  of  coal  per  boiler  horse  power  per  hour, 
y  =  square  feet  of  economizer  heating  surface  per  boiler  horse 
power. 


Fig.  367 


eferring  to  Fig.  367,  the  ordinates  represent  temperatures,  and 

issas  the  path  of  the  flue  gas  and  the  water  in  the  economizer. 

flue  gas  enters  the  economizer  at  c  with  temperature  Tx  and  leaves 

with  temperature  T.    The  feed  water  enters  at  b  with  temperature 

id  leaves  at  d  with  temperature  t\  +  x. 

he  algebraic  mean  temperature  difference  D  between  the  flue  gas 
the  feed  water  will  be 

cd  +  ab 


D  = 


=  7*1  -  (ti  +  x)  +  of  -oa-bf 

2 

T7,  -  {tx  +  x)  +  Tx  -  oa  -  h 


„  x  +  oa  + 


(214) 


(215) 


(216) 


(217) 


bw,  wx  =  B.t.u.  absorbed  by  the  feed  water  per  boiler  horse  power 

and 
GCS  =  B.t.u.    given  up  to  the  feed  water  by  the  flue  gas  for 
each    degree   reduction    in    temperature    (S  =  mean 
specific  heat  of  the  flue  gas) ;  therefore 

The  theoretical  mean  temperature  difference  is  d  —  '  in  which    *i  = 

rial  temperature  difference  and  t%  =  final  temperature  difference  between  the 
fiuids. 


STEAM    POWER  PLANT  ENGINEERING 

■  total  reduction  in  temperature  of  the  flue  i 


GCS 

Substituting  (218)  in  (217),  we  get 


11  2 

-t  -,      „GCS+v 
~  ll      h      *    2GCS 
in  which 

D  =  mean  temperature  difference  between  flue  gas  an 
water,  degrees  F. 
Let  V  =  B.t.u.   absorbed   per  hour  (»er  square  foot  per 
difference   in   temperature  and 
y  =  square  feet  of  economizer  surface  per  boiler  horse 
Then  U  I>y  =  heat  absorbed  per  boiler  horse-power  hour. 
But  wx  =  heat  absorbed  per  Iroiler  horse-power  hour. 
Therefore  wx  =  U  Dy. 

Combining  (220)  and  (221), 

x  GCS  +  wx\ 


wx  m  UylT,  ■ 


2  GCS 


y  (ft  -  fa) 


V^    2GCS 

y  varies  from  3.5  square  feet  to  5  square  feet  per  boiler  hone 
and  U  from  2.25  to  3.3,  depending  upon  the  conditions  of  oper 

If  we  let  w  -  30,  S  -  0.2,  and  V  =  3.3,  and  substitute  these 
in  equation  (223),  it  assumes  the  form  given  by  the  Green  Ecor 
Company,  equation  (213). 

A  method  of  approximating  the  rise  in  temperature  where  tl 
temperature  of  the  flue  gas  is  known,  is  to  assume  -fi,  degree  rise 
feed  water  for  each  degree  reduction  in  temperature  in  the  fli 
This  is  determined  on  the  basis  that  approximately  20  pounds 
gas  are  generated  for  each  pound  of  combustible,  and  that  10  j 
of  water  are  evaporated  per  pound  of  combustible;  that  is,  2  i 
of  flue  gas  are  generated  for  each  pound  of  feed  water  delivered 
toiler.  Assuming  a  specific  heat  of  0.25  for  the  flue  gas,  this 
2  X  0.25,  or  0.5  degree  rise  in  temperature  in  the  feed  water  fw 
degree  reduction  in  the  flue  gas  temperature. 

*ForD=600  ('=3.25  For  D  =  400  U  =  2-7! 

500  3.00  300  23 
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ample:  Determine  the  rise  in  temperature  of  the  feed  water  in  a 
r  plant  of  1200  i.h.p.  Engines  use  20  pounds  of  steam  per  i.h.p. 
;  auxiliaries  use  the  equivalent  of  12  per  cent  of  main  engine 
i;  vacuum  25  inches;  feed-water  supply  50  degrees;  3.7  pounds 
*1  are  burned  per  hour  per  boiler  horse  power;  flue  gas  temperature 
legrees  F.;  steam  pressure  150  pounds  gauge, 
e  vacuum  and  atmospheric  heater  will  raise  the  temperature  of  (he 
rater  from  50  to  205  degrees.     (See  preceding  problem.) 

the  assumption  that  20  pounds  of  flue  gas  are  generated  per 
i  of  combustible  and  that  3.5  square  feet  of  economizer  heating 
ce  are  installed  per  boiler  horse  power,  the  notations  in  the  formula 
become  Tx  =  550,  fa  =  205,  w  =  30,  G  =  20,  C  =  3.7,  y  =  3.5, 
3.3,  S  =  0.2. 
^stituting,      _  _  3.5  (550  -  205) 


x  = 


30   ,   (5X30  +  20X3.7)QK 


3.3  '        (2  X  20  X  3.7) 
=  83  degrees  rise  in  temperature. 

erefore  the  temperature  of  the  water  entering  the  boiler  will  be 

205  +  83  =  288  degrees  F. 

nomizers:  Prac.  Engr.  U.  S.,  March,  1910,  May,  1910,  p.  282,  July  15,  1912, 
;  Power,  July  27,  1909;  Cassier's,  March,  1900,  p.  378;  Eng.  Mag.,  June,  1912, 

TABLE  95. 
.    ECONOMIZER  PERFORMANCES.  * 


rof 


Number  of 
Eoonomixer 

Tubes 
Installed. 


Temperatures,  Deg.  Fah. 


Gaaes 

Entering 

Economizer 


Gases 

Leaving 

Eoonomixer 


Fluid 

Entering 

Eoonomixer 


Fluid 

Leaving 

Economizer 


Rise  in 
Temperature 
of  Fluid. 


Actual 
Saving  in 

Fuel, 
Per  Cent. 


Water  Heater. 


160 

435 

279 

84.2 

196.2 

416 
620 

254 
293 

40.0 
101.0 

185.4 
237.0 

960 

520 

548 

295 

96.0 

200.0 

520 

603 

325 

93.5 

203.8 

384 

368 

245 

103.0 

202.6 

448 

537 

326 

71.2 

203.4 

112.0 
125.4 
136.0 
104.0 
110.3 
99.6 
132.2 


12.5 
13.8 
18.3 
9.2 
9.7 
12.4 
17.5 


Air  Heater. 


72 

301 

257 

70.0 

152.0 

240 

512 

319 

54.0 

201.6 

96 

557 

376 

41.0 

200.0 

192 

417 

369 

74.0 

210.0 

82.0 
147.6 
159.0 
136.0 


9.0 
14.0 


ooopiled  from  "  The  Book  of  the  Economizer,"  1012,  published  by  the  Green  Engineering. Co. 
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303.  Choice  or  Feed-water  Beating  System.  —  The  heating  of  la 
water  and  its  delivery  to  the  boiler  in  the  most  economical  mm 
is  a  problem  involving  such  a  large  number  of  combinations  that 
general  analysis  is  impracticable.  The  following  discussion  of  a  spoil 
case  will  give  some  idea  of  the  manner  in  which  this  problem  may  I 
attacked. 

Exmnpk:  Determine  the  most  economical  manner  of  heating  tl 
feed  water  for  a  power  plant  of  1000  horse  power  operating  unilitli 
following  conditions:  Schedule  10  hours  per  day  and  310  days  ^ 
year;  load  factor  on  the  ten-hour  basis  0.8;  cost  of  coal  $2.50  ^ 
ton  of  2000  pounds;  heat  value  of  the  coal  13,500  B.t.u.  per  poim 
average  boiler  efficiency  65  per  cent;  engines  use  20  pounds  of  sUa 
per  i.h.p.  hour;  steam  pressure  150  pounds  absolute;  temperature 
cold  water  60  degrees;  vacuum  26  inches  referred  to  30-inch  baromrte 
interest  5  per  cent;  depreciation  8J  per  cent;  maintenance  1  perca 
insurance  J  per  cent;  taxes  1  per  cent;  total  charges  16  per  ea 
charges  for  attendance  and  maintenance  assumed  to  be  the  samt 
each  case  and  credit  for  the  chimney  assumed  to  offset  debit  for  ewo 
raizer  space.  Many  of  the  influencing  conditions  are  left  out  for  t 
sake  of  simplicity. 

The  most  likely  combinations  are 

(1)  Atmospheric,  all  auxiliaries  steam  driven,  water  taken  from  « 

well. 

(2)  Same  as  (1)  except  that  water  is  taken  from  hot  well. 

(3)  Economizers,  auxiliaries  electrically  driven,  chimney  draft,  n 

from  cold  well. 

(4)  Vacuum  heater,  economizer,  and  electrically  driven  auxinari 

fan  draft. 

(5)  Vacuum  heater,  atmospheric  heater,  and  steam  auxiliarits- 

(6)  Atmospheric  heater,  economizer,  steam  auxiliaries,  fan  draft 

(7)  Vacuum  and  atmospheric  heaters,  economizers,  steam  auxiliari 

and  electrical  fan. 

(8)  Vacuum,   atmospheric  heater,   economizer,  and  chimney  <lrA 

auxiliaries  operating  condensing  except  feed  pumps  and  eta" 
engines  which  exhaust  into  the  atmospheric  heater. 

The  difference  between  the  total  heat  furnished  by  the  boiler  J 
the  heat  returned  in  the  feed  water  is  the  net  heat  put  into  thests 
by  thi?  boiler.  Evidently  the  system  which  shows  the  least  net'" 
mruirvtl  to  produce  one  horse  power  will  be  the  most  economic 
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as  coal  consumption  is  concerned,  although  not  necessarily  the 
apest  when  both  operating  and  fixed  charges  are  considered. 
Prices  vary  so  much  that  it  is  practically  impossible  to  give  costs  of 
illations  which  will  bear  criticism  and  the  prices  taken  in  this  problem 

approximate  only. 

Case  I. 

Ltmospheric  heater,  auxiliaries  steam  driven,  feed  from  cold  well, 
rhis  arrangement  and  that  of  Case  II  are  the  most  common  in  power 
nts  of  this  size. 

Che  power  consumption  of  the  auxiliaries  operating  non-condensing 
ies  from  8  to  12  per  cent  of  the  total  power  devel&ped.    Assume 

0  be  10  per  cent. 

Che  temperature  of  the  feed  water  leaving  the  heater  may  be  deter- 
ged by  formula  (197). 

<o  +  0.9S(A  +  32) 
1  +  0.9S 

tobstituting         S  =  0.10,    A  =  1146,    t0  =  60, 

_  60  +  0.9  X  0.10  (1146  +  32) 

1  +  0.9  X  0.10 
=  152. 

rhe  net  heat  furnished  by  the  boiler  to  produce  one  indicated  horse- 

ver  hour  in  the  engine  is  evidently  the  heat  necessary  to  raise  20  +  10 

cent  of  20  =  22  pounds  of  water  from  152  degrees  F.  to  steam  at 

1  pounds  pressure;  i.e.,  the  net  heat  furnished  is 

22  X  1071.2  =  23,564  B.t.u. 

Sow,  1  i.h.p.  =  2546  B.t.u. 

[Therefore  the  heat  efficiency  of  this  arrangement  is 

2546        lnc  . 

2q  .ft.  =  10.8  per  cent. 

Probable  First  Cost. 

Steam  pumps $  400.00 

Condenser  with  steam-driven  air  and  circulating  pumps 3000.00 

1000-horee-power  open  heater 480.00 

Piping 1200.00 

$5080.00 


i 

/ 
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Fuel  Consumption. 
Average  home-power  hours  per  year  =  1000  (rated  bone  pom*.  Xfl 
»d  factor)  X  310  (days  per  year)  X  10  (bourn  per  day)  —  J. ;  -  "  •  •  - 
Pounds  of  ratal  per  i.h.p.  hour  =  net  heat  furnished  per  i.h-p.  bow  -s 
absorbed  by  the  boiler  per  pound  of  coal  =  23,564  -^  (13,500  X  0.65)  =  1 


Fuel  and  Fixed  Charges. 
Fuel,  3323  tons  at  12.50 

Fixed  charges,  16  per  cent  ol 


Case  II. 

Same  as  Case  I,  except  that  feed  is  taken  from  the  hot  well.  Thi 
arrangement  is  possible  only  when  the  condensing  water  is  suits!* 
for  feed  purposes. 

Assume  the  temperature  of  wi  ter  from  the  hot  well  as  it  eaWi 
the  heater  to  be 

The  temperature  ■  leaving  the  heater  will  then  to 

198  degrees  (from  fbm.u.      i»<.. 

Net  heat  furnished  =  22  X  1025.2  «  22,554  B.l.u 
Efficiency  =  ■  =  11.3  per  cent 

Pounds  of  coal  per  i.h.p.  hr.  = 

Tons  per  year  ■ 


13,500  X  0.65 
2,480,000  X  2.62 


Fuel  and  Fixed  Charges. 

Fuel,  324S  tons  at  $2.50 18130.00 

Fixed  charges  (same  as  Case  I) 812.00 

mtuo 

Case  III. 

Economizers,   auxiliaries   electrically  driven,   chimney   draft,  ff>W 
from  the  cold  well. 

Practice  gives  an  average  of  3  per  cent  of  the  main  engt 
the  power  required  to  operate  the  electrical  auxiliaries  in  a 
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The  temperature  of  the  feed  water  leaving  the  economizer  may  be 
itermined  from  formula  (213). 


Substituting, 


_  _     y  (Ti  -  to 

91 +     2GC      y 

3.5  (550  -  60)  110  , 

g  =  ^,5X30  +  20X3.7o-:  =  119degree8' 
^^      2X?0X3.7      6* 

Temperature  of  feed  water  entering  heater  =  119  +  60  =  179  degrees. 
Net  heat  furnished  =  (20  +  3  per  cent  of  20)  X  1044.2  =  21,510 

t.u. 

2545 
Efficiency  =  tztttPx  =  11-8  per  cent. 

zl,olU 

Probable  First  Cost. 

Economizers $3500.00 

Motor  feed  pump 600.00 

Condenser  with  electrically  driven  air  and  circulating  pump  ....    6000.00 
Piping  and  wiring  1000.00 

$11,100.00 
Fuel  Consumption. 

Pounds  of  coal  per  i.h.p.  hour  =  i  q  ^nn  v  n  flfi  ""  %M» 

^                          2,480,000  X2.45      QAQQ 
Tons  per  year  =  — OOOO =  ^®*m 

Fuel  and  Fixed  Charges. 

Fuel,  3038  tons  at  $2.50 $7595.00 

Fixed  charges,  16  per  cent  on  $11,100 1776.00 

$9371.00 

Case  IV. 

Vacuum  heater,  economizer,  electrically  driven  auxiliaries,  fan  draft. 

The  vacuum  heater  may  be  relied  upon  to  raise  the  temperature  of 
Le  feed  water  to  110  degrees. 

The  economizer  will  increase  this  107  degrees  (from  formula  (213)), 
"ving  the  feed  water  a  temperature  of  217  degrees  as  it  enters  the 
feater. 

The  electrical  fan  for  the  mechanical-draft  system  will  require  ap- 
proximately 2  per  cent  of  the  main  system  engine  power,  making  a 
*al  of  3  +  2  =  5  per  cent  for  all  auxiliaries. 
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Net  heat  furnished  =  (20  +  5  per  cent  of  20)  X  1006.2 
=  21,130  B.t.u. 

Efficiency  =  ■  =  12.05  per  cent. 

Probable  First  Cost.    • 
For  the  sake  of  simplicity  it  is  assumed  that  the  high  first  cost  of  th 
;himney  plus  its  low  depreciation  and  maintenance  will  offset  the  loi 
irst  cost  of  the  mechanical -draft  system  plus  its  higher  maiiitenanci 
uid  depreciation  charges: 

Economizers $3500.00 

Motor  feed  pump 600.00 

Molor-drivcn  pumps  and  condenser 6000.00 

Motor-driven  fan 750.00 

Piping  and  wiring 120000 

Vacuum  heater :      300.00 

•12,250.00 
Fuel  Consumption. 

Pounda  of  coal  per  i.p.h.  hour  =  13  J^  x"o.65  -  2.41. 

_  2.480,000X2.41      _-_ 

Ton*  per  year  =  'goOO  -  »» 

Fuel  and  Fixed  Charges. 

Fuel,  2988  tons  at  $2.50 $7470.00 

Fixed  charges,  18  per  ceDt  of  $12,250 1960.00 


In  like  manner  Cases  V,  VI,  VII,  and  VIII  have  been  treated  and  ar 
abulated  in  the  summaries. 


SUMMAHY  fl). 


Cue. 

Temperature 

Consumed  by 
Auxiliaries. 

™,TO. 

First 
Cost. 

Fuel  Cost 
per  Year. 

Cotrf 
jwYar. 

1S2 
198 
179 
217 
SOS 
204 
200 
270 

Per  Cent. 
10 
10 

3 

5 
10 
14 
10 

S 

Per  Cent. 
10.8 

11.3 

11.8 

12.05 

11.4 

12 

12.2 

12.3 

$5,080 
5,080 
11,100 
12,250 
5,280 
9.000 
9,300 
8,250 

$S,30S 
8.120 
7,595 
7,470 
7,900 
7,750 
7,380 
7,075 

ft  ■"."":; 

9,1*    . 
MM 

8,3« 

1!!, 
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SUMMARY  (2). 


Case. 

Efficiency. 

First  Cost. 

Fuel. 

Cost  per  Year. 

8 
7 
6 
3 
5 
4 
2 
1 

1 
1 
6 
7 
2 
4 
5 
3 

8 
7 
4 

3 
6 
5 
2 
1 

4 

2 
6 
7 
3 
5 
8 
1 

| 

n 

Summary  (2)  gives  the  ranking;  thus:  Case  I  is  eighth  in  point  of 
iciency;  first  in  cheapness  of  installation;'  eighth  in  yearly  cost  of 
el;  and  fourth  in  yearly  cost  of  operation.  Case  VIII  is  apparently 
e  best  arrangement  for  the  given  conditions. 


CHAPTER  XIII. 

PUMPS. 

3*4.  Classlfl cation.  —  Pumps  used  in  connection  with  steam  pow 
plants  may  be  conveniently  classified  under  five  groups  according 
the  principles  of  action. 


1.  Piston   pumps, 
the  fluid  by  a  recinrnci 
positive  and  a  cei 
under  predetermined  cona 

2.  Centrifugal  pumps,  in  . 
pressure  by  a  rotating  imp 
amount  of  fluid  discha  1 
jieller  displacement. 

3.  Rotary  pi 
the  fluid  by  a  i„ 


n  and  pressure  are  impartwi 
ilunger,  or  bucket-  The  action 
nt  of  fluid  is  handled  per  stn 
BBBura  and  velocity. 

fluid  is  given  initial  velocity  i 
ic  action  is  not  positive,  at  i 
scessarily  proportional  to  the  i 

>n  and  pressure  are  imparted 
B  volume  discharged  is  practin|| 


equal  to  the  impeller  displacement  regardless  of  pressure. 

4.  Jet  pumps,  in  which  velocity  and  pressure  are  imparted  to  the 
fluid  by  the  momentum  of  a  jet  of  similar  or  other  fluid.  The  ordinarf 
steam  injector  is  the  best  known  of  this  group. 

5.  Ihrect- pressure  pumps,  in  which  the  pressure  of  one  fluid 
directly  on  the  surface  of  another  fluid,  thereby  imparting  all  or 
of  its  energy  to  the  latter.     The  pulsometer  is  an  example  of  this  1 

These  groups  may  be  variously  subdivided  us  follows: 


Centrifugal. 
Rotary. 


^Direct-acting 

j  Fly-wheel.  .  . 
Power  driven 

(Volute 

"  I  Turbine.  . ... 
.  Power  driven 


I  Simple! 
I  Duplex. 

I  dimples 
Duplex. 
Triplex 


Multi-stage 
1  Forcing. .  . 
)  Lifting.  .  .  . 
I  Positive.  .. 
i  Automatic 

1'u  Uonu-tpr Lifting. .  .  . 

Air-lift Lifting 


j  Injector 


Air. 

Vacuum. 
Forcing. 
Lifting. 


Vacuum. 

Forcing. 
Lifting. 


Piston  or  /ilunger  pumps  are  the  most  common  in  us 
pumps,  city  waterworks  pumps,  and  force  pumps  are  oi 
type.  In  the  direct-acting  type,  Fig.  369,  the  wate 
steam  piston  are  secured  to  a  sincle  uiston  rod  and  1 
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insmitted  directly  to  the  water.  There  is  no  flywheel,  connect- 
ed, or  crank.  The  velocity  of  the  delivery  is  proportional  to  the 
bance  offered  by  the  water;  when  the  resistance  equals  the  forward 
t  of  the  steam  pressure  the  pump  stops.    This  class  of  pump  is 

adapted  for  boiler-feeding  purposes,  since  it  may  be  operated  as 
ly  as  suits  the  requirements  of  feeding  by  simply  throttling  the 
large.  The  steam  consumption  is  very  large  in  proportion  to  the- 
:  performed,  since  the  steam  is  not  used  expansively. 
ywheel  pumps,  Figs.  382,  423,  are  ordinarily  classified  a&  pumping 
aes.  In  this  class  steam  may  be  used  expansively,  as  sufficient 
gy  is  stored  in  a  flywheel  to  permit  the  drop  in  steam  pressure 
og  expansion.  These  pumps  find  wide  application  in  city  water- 
cs,  elevator  plants,  and  the  like,  where  high  duty  is  required.  They 
little  used  as  stationary  boiler  feeders,  but  are  used  to  some  extent 
iver-boat  practice  and  in  plants  operating  continuously  for  long 
xls  at  comparatively  steady  loads.  Practically  all  sizes  of  dry-air 
ips  and  a  number  of  large  jet  condenser  pumps  are  of  this  type. 
iston  pumps,  Fig.  389,  driven  by  gearing  or  belting  are  ordinarily 
afied  as  power-driven  pumps.  The  driving  power  may  be  steam 
ne,  electric  motor,  or  gas  engine.  The  single-cylinder  machine  is 
d  designated  as  a  "simplex"  power-driven  pump,  the  two-cylinder 

"duplex,"  the  three-cylinder  as  a  "triplex,"  and  so  on. 
entrifugal  pumps,  Fig.  409,  are  supplanting  to  a  considerable  extent 
present  type  of  piston  pump  for  many  uses.  Though  particularly 
pted  for  low  heads  and  large  volumes  they  are  used  in  many  situ- 
ns  requiring  extremely  high  heads.  They  are  not  as  efficient  as 
l-grade  pumping  engines,  but  the  extremely  low  first  cost  fre- 
atly  offsets  this  disadvantage,  and  they  are  much  used  in  connection 
i  dry  docks,  irrigating  plants,  sewage  systems,  and  as  circulating 

vacuum  pumps  in  condensing  plants. 

\otary  pumps,  Fig.  421,  are  employed  to  a  limited  extent  in  the 
te  field  as  the  centrifugal  pump.  Being  positive  in  action,  they 
mit  of  a  much  lower  rotative  speed  for  the  same  delivery  pressure. 
et  pumps,  Fig.  393,  are  seldom  used  as  pumps  in  the  ordinary  sense 
he  word,  on  account  of  their  extremely  low  efficiency,  but  are  fre- 
ntly  employed  for  discharging  water  from  sumps.  Their  greatest 
I  of  application  lies  in  boiler  feeding  and  in  this  respect  their  effi- 
cy  is  comparable  with  that  of  the  average  piston  pump. 
irect-pressure  pumps  operated  by  steam,  such  as  the  "pulsometer," 

424,  are  used  principally  for  pumping  out  sumps,  surface  drains, 

the  like,   where  the  operation   is   intermittent.     Direct-pressure 
ps  of  the  air-lift  type,  Fig.  425,  are  quite  common  and  are  used  i 
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rent  deal  in  situations  where  water  is  to  be  pumped  from  a 
f  scattered  wells. 
MB.  Boner-feed  Pumps,  Direct-acting  Duplex.  —  Figs.  368  and  II 

ilustrate  a  typical  duplex  boiler-feed  pump,  which  consists  virtually  i* 
wo  direct-acting  pumps  mounted  aide  by  side,  the  water  ends  sad  tk 
team  ends  working  in  parallel  between  inlet  and  exhaust  pipe.  Tat 
liston  rod  of  one  pump  operates  the  steam  valve  of  the  other  throcgb 
he  medium  of  bell  cranks  and  rocker  arms.  The  pistons  move  aha- 
lately,  and  one  or  the  other  is  always  in  motion,  the  flow  of 
leing  practically  continuous. 


A 

Air 

Clumber 

c 

Xf 

kjDIMlnn* 

■w 

»*ssrf 

Fiu.  368.    Typical  Duplci  Pump. 

In  general  construction  the  steam  pistons  and  valves  are  sum 
o  those  of  steam  engines.  The  valves  in  duplex  pumps,  bm** 
lave  no  lap.  In  order  to  reduce  the  valve  travel  to  a  minimum,'" 
itil!  have  sufficient  bearing  surface  between  the  steam  ports  a^™ 
nain  exhaust  ports  to  prevent  the  leakage  of  steam  from  omw* 
>ther.  separate  exhaust  ports  are  provided  which  enter  the  Pp** 
it  nearly  the  same  point  as  the  steam  ports.  This  arrangement  oft" 
i  simple  means  of  cushioning  the  piston  by  exhaust  steam,  thiwC" 
venting  it  from  striking  the  cylinder  heads  at  the  ends  of  the  *■* 
The  valves  of  the  duplex  pump  having  no  lap  would,  if  com*'- 
rigidly  to  the  valve  stem,  open  one  port  as  soon  as  the  omerb*'''*! 
closed,  at  about  mid-stroke  of  the  piston,  thus  cutting  down  the  *"■ 


t 


!)out  one  fourth  the  usual  length.  To  obviate  this  difficulty  the 
s  are  given  considerable  lost  motion  by  allowing  sufficient  clear- 
between  the  lock  nuts  on  the  valve  stem;    the  latter,  therefore, 

irts  no  motion  to  the  valve  until  the  piston  operating  it  has  nearly 
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Fio.  369.     Section  llirough  u  Typical  Duplex  Boiler-feed  Pump. 

ileted  the  stroke.  The  lost  motion  between  valves  and  lock  nuts 
■  it  impossible  to  stop  the  pump  in  any  position  from  which  it 
t  be  started  by  simply  admitting  steam,  and  therefore  the  pump 
i  dead  centers.  When  one  piston  moves  to  the  end  of  the  stroke 
IB  or  pushes  the  opposite 
lu  the  end  of  its  travel; 

when  the  piston  starts  back    *•*» »*»  MED=^/'  //[FyOJj|]p 

le  other  end  of  its  stroke 

valve    remains   stationary, 

g  to  the  lost  motion,  until 

>iston  has  completed  about 
half  the   stroke.      During 

ime  the  opposite  piston  has 

Jeted  a  full  stroke  and  the  valve  operated  by  it  will  have  opened 
steam  port  wide,  so  that,  while  one  valve  covers  both  steam  ports 

ther  is  at  the  end  of  its  travel.  In  some  makes  of  pumps  the  stem 
dly  attached  to  the  valves,  the  lost  motion  being  adjusted  outside 
steam  chest  as  shown  in  Figs.  370  and  371,  which  represent  two 
constructions  of  duplex  valve  gear. 


._ 
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Fig.  372  shows  the  valve  and  piston  in  the  position  occupied  at  uw 

commencement  of  the  stroke.  At  one  end  of  the  valve  the  steam  port 
P  is  open  wide  and  at  the  oppo- 
site end  the  exhaust  port  £ 
open  wide.  When  the  piston 
nears  the  opposite  end  of  the 
stroke  and  reaches  the  position 
shown  in  Fig.  373  the  steam 
escape  through  the  exhaust  port 
E  is  cut  off  by  the  piston, 
since  the  steam  port  is  dosri. 

the  remaining  steam  is  compressed  between  the  piston  and  cylinder  lii'jui, 

thus  arresting  the  motion  of  the  piston  gradually  without  shock  or  jar. 
The  construction  of  the  water 

end  of  single-cylinder  and  duplex 

pumps  is  practically  the  same; 

any  slight  differences  which  may 

be  found  are  confined  to  minor 

details  which  in  no  way  affect 

the  general  design  or  operation  of 

the  pump.    The  piston  is  double 

acting,  the  ample-acting  cylinder 

being  confined  to  power  pumps 

or  to  steam  pumps  intended  for 

very  high  pressures.     In  the  old-  Fl°-  3T2- 

style  pumps  it  was  the  custom  to  use  one  large  valve  with  a  lift  sufficrcitl 

to  give  the  required  passage,  but  in  modern  practice  the  required  area 
is  divided  among  several  smull 
valves,  so  that  each  one  is  eaaly 
and  cheaply  removed  in  east  «f 
accident  or  wear,  and  slip  is 
lessened.* 

The  valves  are  carried  by  bn 
plates  or  decks,  the  suclion 
valves  being  attached  to  the 
lower  plate  and  the  deliver? 
valves  to  the  upper  one,  as 
shown  in  Fig.  369. 

The  valves  in  practically  ail 
boiler-feed  pumps  are  of  the  flat  disk  type,  Fig.  374,  held  firmly  to  tbt 
seat  by  conical  springs  and  guided  by  a  bolt  through  the  center. 

•  ThemouVrn  Hiodler  pump  is  an  exception.     See  Engineer,  U.  S.,  Nov,  !3,lMo 

p.  1010. 
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Ml  pumps  are  provided  with  an  air  chamber  on  the  discharge  side, 
ich  acts  as  a  cushion  for  the  water,  prevents  excessive  pounding,  and 
aires  a  uniform  flow.  Fig.  375  shows  a  section  through  the  steam 
d  of  a  compound  duplex  pump. 
IM.  Feed  Pomps  with  Steam-actuated 
Ires.  —  Single-cylinder  direct-acting 
imps,  Fig.  376,  are  ordinarily  operated 
*  steam-actuated  valves.  The  steam 
ters  the  chest  C  and  passes  to  the  left 
rough  the  annular  opening  A  formed 
*ween  the  reduced  neck  of  the  valve 
d  the  bore  of  the  steam  chest.  It  is 
us  projected  against  the  inside  surface 
the  valve  head  H  before  escaping  ■ 
rough  the  port  P  and  passing  to  the 
Under.  Both  the  pressure  and  impulse 
e  to  velocity  acting  on  the  valve  head  H  tend  to  close  or  restrict  the 
mission  port  by  forcing  the  valve  to  the  left.  On  reaching  the  cylinder 
d  forcing  the  piston  X  toward  the  right,  the  pressure  of  the  steam  upon 


Tta.  375.     Section  through  Steam  Cylinders  of  a  Typical  Compound  Duplex  Pump. 


s  opposite  side  of  the  valve  head  H  is  pressing  the  valve  to  the  right,  a 
ivement  which  would  give  the  admission  more  port  opening  at  A 
d  deliver  more  steam  to  the  cylinder.  The  valve  then  holds  a  position 
pending  upon  the  relative  intensity  of  the  two  pressures,  which  tend 
move  it  in  opposite  directions,  the  admission  steam,  tending  to  close 
e  valve,  and  cylinder  steam,  tending  to  open  the  valve  wider.  The 
sun  valve,  therefore,  is  always  in  a  balanced  position.  The  steam 
rton  is  grooved  at  the  center,  forming  a  reservoir  for  live  steam  R 
Ucb  is  supplied  from  the  upper  chamber  of  the  steam  chest  by  passage 
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E  to  the  cylinder  cap  S,  and  thence  by  tube  M  and  the  hollow  piston 
rod  V.  The  steam  in  this  annular  piston  space  reverses  the  steam  valve 
by  pressing  alternately  against  the  outer  surfaces  of  the  valve  heads  If 
through  the  eonnecting  passages  0,  0  near  each  end  of  the  cylindw. 
The  tappets  T  are  for  the  purpose  of  moving  the  valve  by  hand  in  cast 
it  fails  to  move  automatically.  Steam-actuated  valves  are  not  a> 
positive  in  action  as  mechanically  operated  valves,  and  hence  are  little 
used  in  situations  where  positive  action  is  essential,  as  in  fire-pump 


Flu.  376.     Marsh  Roikr-fcitl  Pump.     A  Typical 


307.   Air  and    Vacuum    Chambers.  —  Air  chambers   in   piston  pump 

are  for  the  purpose  of  causing  a.  steady  discharge  of  water  and  of  re- 
ducing excessive  pounding  at  high  speeds  by  providing  a  cushion  w 
the  water.  The  water  discharged  under  pressure  compresses  the  sff 
in  the  air  chamber  somewhat  above  the  normal  pressure  of  dbduEgf 
during  each  stroke  of  the  water  piston,  and  when  the  piston  slow 
momentarily  at  the  end  of  the  stroke  the  air  expands  to  a  certjiin  in- 
tent and  tends  to  produce  a  uniform  rate  of  flow. 

The  volume  of  the  air  chamber  varies  from  2  to  3J  times  the  vuto 
of  the  water  piston  displacement  in  single-cylinder  pumps,  and  fn* 


J  times  in  the  duplex  type.  High-speed  pumps  are  provided  with 
chambers  of  from  5  to  6  times  the  piston  displacement.  The  water 
1  in  the  air  chamber  should  be  kept  down  to  one  fourth  the  height 


r~\ 


ET 


■  chamber.  In  slow-running  pumps 
Ecient  air  may  be  carried  into  the  pump 
nber  along  with  the  water,  but  with 
i  speeds  a  large  part  of  the  air  will  lie 
^charged,  and  air  must  be  forced  into  the 
laniber  by  mechanical  means.  The  larger 
»  chamber  the  more  uniform  will  be  the 
icharge  pressure. 

!uum   chambers  are  frequently   pro- 
for   the   purpose   of  maintaining  a 
iform  flow  of  water  in  the  suction  pipe 
i  assisting  in  the  reduction  of  slip.     Such 
nbors  should  be  of  slightly  greater  vol- 
e  than  the  suction  pipe  and  of  considerable  length  rather  than  diameti 
;.  377  illustrates  two  designs  commonly  used.     The  one  in  Fig.  377  (\i. 
lould  be  placed  in  such  a  position  as  to  receive  the  impact  of  thi 


i  of  water  in  the  suction  pi;>e  as  illustrated  in  Fig.  378  (A),  (B) 
I  (C).  The  chamber  illustrated  in  Fig.  377  (A)  should  be  placed  i 
a  suction  pipe  below  but  close  to  the  pump. 

.   Water  Pistons  and  Plungers.  —  In  cold-water  pumps  the  wate 

is  are  usually  packed  with  some  kind  of  soft  packing.     Fig.  379  (A) 

3  the  details  of  a  piston  with  square  hydraulic  packing.     The  body 

,*  is  fastened  to  the  piston  rod  by  nut  C;   packing  is  placed  at  D,  and 

illower  /'  is  forced  up  by  the  nut  B  and  locked  by  nut  A.    For  1; 

I  the  design   is  the  same  except  that  the  follower  is  set  up  by  1 

nber  of  nuts  near  the  edge.     In  hot-water  pumps  the  pistons  i 

a  packed  by  means  of  metallic  piston  rings  R,  R,  Fig.  379  (C),  s 
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ig.  382  illustrates  a  high-duty  elevator  pump  with  outside  packed 


Mt.  Performance  of  Piston  Pumps. — -Direct-acting  pumps  as  a 
-class  are  wasteful  of  fuel  and  low  in  efficiency,  due  largely  to  the  non- 
expansive  use  of  steam.  The  average  small  duplex  boiler-feed  pump 
uses  from  100  to  200  pounds  of  steam  per  i.h.p.  hour,  depending  upon 
the  speed,  and  the  mechanical  efficiency  varies  from  50  per  cent  to  90 
per  cent.  When  new  and  in  proper  working  condition  the  mechanical 
efficiency  is  seldom  less  than  85  per  cent;  but  8uch  pumps,  as  a  rule, 
ace  given  scant  attention,  and  the  average  efficiency  is  not  far  from 


Flo.  381.     Plunger  with  Hydraulic  Packing. 

65  per  cent.  The  term  "mechanical  efficiency"  in  this  connection  re- 
fers to  the  ratio  of  the  actual  water  horse  power  to  the  indicated  horse 
power  of  the  steam  cylinder.  The  loss  includes  the  slip  of  the  piston 
and  valves.  A  steam  consumption  of  150  pounds  per  i.h.p.  hour  with 
mechanical  efficiency  of  65  per  cent  is  equivalent  to  a  power  con- 
sumption of  about  5  per  cent  of  the  rated  boiler  capacity,  although  if 
the  exhaust  steam  is  used  for  feed-water  heating  the  actual  heat  con- 
sumption may  be  but  1  to  1.5  per  cent.  Compound  direct-acting 
pumps  running  non-condensing  use  from  50  to  100  pounds  of  steam 
per  i.h.p.  hour.  Single-cylinder  flywheel  pumps  of  the  slow-speed  type, 
running  non-condensing,  use  about  50  pounds  of  steam  per  i.h.p.  hour. 
Multi-cylinder  flywheel  pumps  of  the  high-duty  type  use  about  25  pounds 
per  i.h.p.  hour  when  running  non-condensing,  and  as  low  as  10  pounds 
when  operating  condensing.     High-grade  direct-amneded  motor-driven 
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rer  pumps  have  a  mechanical  efficiency  from  line  to  water  load,  at 

* 

cnal  rating,  of  about  80  per  cent.  The  efficiency  <rf  geared  pumps  at 
mal  rating  varies  with  the  character  of  the  gearing  and  the  degree  of 
sd  reduction,  and  may  range  anywhere  from  40  to  70  per  cent, 
'he  steam  consumption  of  all  direct-acting  boiler  pumps  decreases 
h  the  increase  in  speed.  This  is  illustrated  by  curve  B,  Fig.  383, 
tted  from  the  tests  of  a  12  X  7J  X  12  direct-acting  single-cylinder 
ap  at  Armour  Institute  of  Technology,  and  curve  A  based  on  experi- 
lts  with  a  16  X  12  duplex  fire  pump  at  Massachusetts  Institute  of 
ihnology. 

'ig.  384  gives  the  details  of  the  performance  of  a  12  X  7{  X  12  Marsh 
ler-feed  pump  at  the  Armour  Institute  of  Technology. 


Effect  of  Speed 
on  the 
Economy  of  Small  Direct-Acting 
Steam  Pumps 


A    10 
B    12x1 


10  x  12 
7*xl2 


Duplex 
Simplex 


60  75  100  128  150  175  200 

Number  of  Single  Strokes  Per  Minute 
Fio.  3S3. 

The  determination  of  the  power  consumption  of  a  boiler-feed  pump 

►est  illustrated  by  the  following  example. 

Example:    A  small  direct-acting  duplex  pump  uses  150  pounds  of 

tm  per  i.h.p.  hour.     Gauge  pressure  150  pounds  per  square  inch; 

l-water  temperature  64  degrees  F.     Required  the  per  cent  of  rated 

er  capacity  necessary  to  operate  the  pump. 

"he  head  pumped  against,  150  pounds  per  square  inch,  is  equivalent 

.50  X  2.3  =  345  feet  of  water. 

'he  friction  through  the  valves,  fittings,  and  pipe,  and  the  vertical 

•ance  between  suction  and  feed-water  inlet,  are  assumed  to  be  equiva- 

>  to  20  per  cent  of  the  boiler  pressure,  giving  a  total  head  of  150  + 

=  180  pounds  per  square  inch,  or  414  feet  of  water. 

l  boiler  horse  power,  taking  into  consideration  leakage  losses  and 

steam  used  by  the  feed  pump,  will  be  equivalent  to  the  evaporation 
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of  approximately  32  pounds  of  water  per  hour  from  a  feed  temperatu 
of  64  degrees  F.  to  steam  at  150  pounds  gauge. 

The  actual  work  done  in  pumping  32  pounds  of  water  against  a  ha 
of  414  feet  is 

414  X  32  =  13,248  foot-pounds. 
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Til  is  corresponds  to 

13,248 


=  0.0067  horse  power. 


The  total  heat  of  one  pound  of  steam  above  64 
B.t.u.     The  heat  delivered  to  the  pump  per  i.h.p.  hour  h 

1163  X  150=  174,450  B.t.u. 
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The  amount  used  by  the  pump  for  each  boiler  horse  power,  disregard- 
g  efficiency,  is 

174,450  X  0.0067  =  1168  B.t.u.  per  hour. 

The  mechanical  efficiency  of  the  average  feed  pump  ranges  from  50 
> 85  per  cent,  depending  upon  its  condition  and  the  number  of  strokes 
>r  minute.  Assuming  it  to  be  65  per  cent,  the  heat  used  by  the  pump 
3r  hour  to  deliver  32  pounds  of  water  into  the  boiler  is 

1168  ^  0.65  =  1796  B.t.u. 

A  boiler  horse  power  is  equivalent  to  33,479  B.t.u.  per  hour.  There- 
re  the  per  cent  of  boiler  output  necessary  to  operate  the  pump  is 

100  X  ooa7q  ~  5.36  per  cent. 

If  the  exhaust  steam  is  used  for  heating  the  feed  water,  the  steam  con- 
nption  will  be  0.73  per  cent  of  the  boiler  capacity,  thus:  The  weight 
steam  consumed  per  boiler-horse-power  hour 

1796        1  *A  A 

tt^tt  =  1.54  pounds. 
1163 

\1  lowing  a  10  per  cent  loss,  the  heat  in  the  exhaust  available  for 
iting  the  feed  water  is 

[1150  -  (64  -  32)]  0.9  X  1.54  =  1550  B.t.u. 

L796  —  1550  =  246  B.t.u.,  or  the  net  heat  required  by  the  pump 

•  hour  to  deliver  32  pounds  of  water  to  the  boiler. 

The  per  cent  of  boiler  output  necessary  to  operate  the  pump  is 

1(W3|i?9  =  a73- 

Pump  performances  are  generally  given  in  terms  of  the  foot-pounds 
work  done  by  the  water  piston  per  thousand  pounds  of  dry  steam  or 

•  million  B.t.u.  consumed  by  the  engine,  thus: 

L .   Duty  =  Foot-POunds  of  work  done       1(Joa 
Weight  of  dry  steam  used 

S.  Duty  =  Foot-pounds  of  work  done  m 

Total  number  of  heat  units  consumed 
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(See  A.S.M.E.  code  for  conducting  duty  trials  of  pumping  engines, 
Trans.  A.S.M.E.,  12-530,  563.)    See  also,  Appendix  F. 

Example:  A  compound  feed  pump  uses  100  pounds  of  steam  per 
i.h.p.  hour;  indicated  horse  power,  48;  capacity,  400  gallons  per  minute; 
temperature  of  water,  200  degrees  F.;  total  head  pumped  against, 
175  pounds  per  square  inch;  steam  pressure,  100  pounds  gauge;  moisture 
in  the  steam,  3  per  cent.  Required  the  duty  on  the  dry  steam  and  on 
the  heat-unit  basis. 

175  pounds  per  square  inch  is  equivalent  to  175  X  2.4  =  420  feet  of 
water  at  200  degrees  F. 

Weight  of  400  gallons  of  water  at  200  degrees  F.  =  400  X  8.03  = 
3212  pounds. 

Work  done  per  minute  =  3212  X  420  =  1,349,040  foot-pounds. 

Weight  of  dry  steam  supplied  per  minute 

-  **       X  °-97  =  77-6  Pounds. 

OU 

B.t.u.  supplied  per  minute 

100  v  48 

-  *n        (0.97  X  879.8  +  309  -  200  +  32)  =  79,552. 
oO 

Duty  per  thousand  pounds  of  dry  steam 

1,349,040 


77.6 

Duty  per  million  B.t.u. 

1,349,040 


X  1000  =  17,384,150  foot-pounds. 


79,552 


X  1,000,000  =  16,958,000  foot-pounds. 


Table  96  may  be  used  in  approximating  the  duty,  thus: 

The  mechanical  efficiency  of  the  pump  in  the  preceding  problem  is 

™  .  p.h.p.        1,349,040         QK 

EflUwsr  =  Ih^:  =  33,000  X  48  =  85  Per  Cent- 

At  the  intersection  of  vertical  column  "85"  and  horizontal  column 
"  100  "  of  Table  96,  we  find  16.82  millions.     See  also,  Table  65. 

Tables  97  and  98  give  the  maximum  theoretical  height  to  which 
pumps  may  lift  water  by  suction  at  different  temperatures.     In  prac- 
tice these  figures  cannot  be  realized.     It  is  customary  to  have  the  wa 
gravitate  to  the  pump  for  all  temperatures  over  120  degrees  F. 
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TABLE  97. 

MAXIMUM  HEIfiHT  TO  WHICH  PUMPS  CAN  RAISE  WATER  BY 

SUCTION, 

(Tempi™ 

ure  of  Water  40  degrees  F.;  Barometer  39.92.) 

Vacuum  in 
Suction  Tift, 

Theoretical 

probuble 

Mil. 

Vacuum  In 
Suction  Pipe, 

Tlu.-or.lic.il 

Probat* 
Actual 

in. 

Mercury. 

I.  ill. 

Inches  of 

Lift. 

Feet. 

FM, 

Feet. 

Feet. 

0.0 

16 

18.0 

14  4 

2.2 

1.8 

17 

19.1 

15.3 

3.3 

2.7 

18 

20.2 

1S.1 

4.5 

3.6 

19 

21.4 

17.1 

5.6 

4.5 

20 

22.5 

18.1 

6.7 

5.4 

21 

23.7 

18.9 

7.9 

6,3 

22 

21.8 

19.8 

9.0 

7.2 

23 

26.9 

20.7 

10  I 

8.1 

24 

27.0 

21  6 

11,3 

9,0 

25 

28.2 

21.7 

13.4 

9.9 

26 

2S.3 

23,9 

13.5 

10.8 

»  27 

30.4 

24.3 

14.6 

11   7 

28 

31.6 

25.2 

15.8 

12.6 

29 

32.7 

26  ,| 

15 

16.9 

13,5 

t  29.68 

33.6 

connection  wltb  cnndenien. 

t  Maximum  theoretical  w 
aH.US  luetics. 


i  ure  jirucllcnlly  unobtainable  In  pumplne  practice 
a  obtainable  with  water  at  40  decrees  F.  and  bai 


Itonpmun  of 

Maximum 

Temperature  of  Feed 

Maximum 

Kml  Water. 

Theoretical  Lift. 

Water. 

Theoretical  Lilt. 

Feet. 

De*«.F. 

33.6 

130 

29.2 

n 

33.5 

140 

27. S 

33.4 

150 

70 

33.1 

160 

23.5 

32.8 

170 

32.4 

180 

11)11 

31.9 

190 

12.8 

111) 

31.3 

200 

in 

30.3 

210 

1.3 
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310.  Sise  of  Boiler-feed  Pump. 

Let  D  =  diameter  of  water  cylinder,  inches. 

d  =  diameter  of  the  steam  cylinder,  inches. 

L  =  length  of  stroke,  inches. 

N  =  number  of  working  strokes  per  minute. 

H  =  head  in  feet  between  suction  and  boiler  water  level. 

R  =  resistance  in  pounds  per  square  inch  between  suction  level 

and  boiler  water  level  due  to  valves,  pipes,  and  fittings. 
p  =  boiler  pressure,  pounds  per  square  inch. 
S  =  ratio  of  the  water  actually  delivered  to  the  piston  displace- 
ment. 
W  =  weight  of  water  delivered,  pounds  per  hour. 
/  =  indicated  horse  power  of  the  pump  at  maximum  capacity. 
E  =  mechanical  efficiency  of  the  pump,  taken  as  the  ratio  of  the 
water  horse  power  at  the  discharge  opening  to  the  indicated 

horse  power  of  the  pump,  steam  end. 
Then 

w  =  i'fli'l?  X  60  X  62'5  X  S  =  h7D*LNS-    (236) 

D=  0.77^2^-  (237) 

d„Dy/p +  *+***!.  (238) 

=  W  (p  +  R  +  0.433  H)  2.3 . 

33,000  X  60  X  E  K'™} 

In  average  practice  the  piston  or  plunger  displacement  is  made  about 
twice  the  capacity  found  by  calculation  from  the  amount  of  water 
required  for  the  engine,  to  allow  for  leakage,  steam  consumption  of  the 
auxiliaries,  blowing  off,  and  pump  slip. 

For  pumps  with  strokes  of  12  inches  or  over,  the  speed  of  the  plunger 
or  piston  is  usually  limited  to  100  feet  per  minute  as  a  maximum  to  in- 
sure smooth  running.  For  shorter  strokes  a  lower  limit  should  be  used. 
The  maximum  number  of  strokes  ranges  from  100  for  strokes  over  12 
inches  in  length,  to  200  for  strokes  under  5  inches.  Boiler-feed  pumps 
should  be  designed  to  give  the  desired  capacity  at  about  one-half  the 
maximum  number  of  strokes  or  less. 

Pump  slip  varies  from  2  to  40  per  cent,  depending  upon  the  condition 
of  the  piston  and  valves  and  the  number  of  strokes.  An  average  value 
for  piston  and  plunger  pumps  in  first-class  .condition  is  8  per  cent  when 
operating  at  rated  capacity,  but  it  is  wise  to  allow  a  much  larger  figure 
8ay  20  per  cent,  for  leakage  caused  by  wear. 
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The  area  ot  the  steam  cylinder  is  made  from  2  to  2.5  times  that  of 

water  end  to  allow  for  the  various  friction  losses  and  the  drop  in 

sure  between  the  pump  throttle  and  the  boiler.     The  total  bead 

™".nped  BgBinBt  includes  the  suction  lift,  the  friction  of  valves  and 

ings,  the  distance  between  the  suction  inlet  and  the  boiler  level  and 

the  boiler  pressure.     The  excess  head  varies  in  practice  from  15  to  W 

per  cent  of  the  boiler  pressure;   an  average  figure  is  25  per  cent,    In 

allowing  for  the  drop  in  steam  pressure  between  boiler  and  pump  a  liberal 

figure  is  25  per  cent. 

The  application  of  formulas  (236)  to  (239),  including  the  practical 


considerations  stated  above,  is 

Example:    Determine  the  si; 
pump  accessary  to  supply  watt 
pressure   100  pounds  per  squar 
degrees  F. 

One  horse  power  is  equivalent 
water  from  and  at  212  degrees  F. 
supply  about  twice  t 

Thus         W  =  62 

S  =  0.8  p. 
LN  =  1200  (on  the  hasis  of  100  feet  per  minute) 


strated  by  a  specific  exam  jilt 
irect-acting  single-cylinder  feed 
)  hone  power  of  boilers.    Oaup 
i;    feed-water   temperature  lofl 

e  evaporation  of  34.5  pounds  rf 
the  pump  is  usually  designed  to 

en  conditions). 


Substitute  these  values  in  (237): 
0-O.77\£ 


1200  X  0.8 


ti.2  inches, —  call  it  ti  inches. 


since  the  assumptions  have  been  very  liberal. 
Assume  (0.433  H  +  R)  =  0.25  p  and  E  =  0.65. 

Substitute  these  values  in  (238): 


Wt 


100  +  25 


,65X10U 
=  8.35,  —  call  it  8.5  inches. 

Allowing  100  strokes  per  minute  the  length  of  the  stroke  must  bf 
L  =  1200  +  100  =  12  inches. 

The  dimensions  of  the  pump  are  8J  X  6  X  12. 
The  indicated  horse  power  at  maximum  load  may  be  obtained  ty 
substituting  the  proper  values  in  (239),  thus: 

62,400  (100  +  25)  2.3 
33,000X60X0.65 
=  13.9  i.h.p. 
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l-pump  Governors.  —  Fig.  385  shows  a  section  through  a 
mp  governor,  illustrating  a  device  for  maintaining  a  practically 
pressure  in  the  discharge  pipe  irrespective  of  the  quantity  of 
It  embodies  a  pressure-reducing  valve  in  the  steam 
9  of  the  pump,  actuated  by  the  slight  t 

1  water  pressure.  When  the  demand 
r  increases,  the  pressure  in  the  discharge 
s  to  decrease,  and  this  drop  in  pressure 
I  to  the  pump  governor  by  suitable 
ses  more  steam  to  be  admitted,  which 
the  speed  of  the  pump.  The  governor 
1  to  the  steam  inlet  of  the  pump  at  li 
n  entersat.4.  Double-balanced  valve 
s  the  supply  of  steam  to  the  cylinder  by 
s  raised  from  the  seat.  The  valve 
i  by  spring  0,  the  compression  of  which 
;ulated  by  hand  wheel  tf.  The  water 
i  the  discharge  pipe  acts  on  piston  F 
Otne  the  resistance  of  the  spring. 
mee  in  pressure  between  the  water  and 
j  determines  the  position  of  valve  C. 

1  II  is  pinned  to  sleeve  /  and  valve 
rewed  into  this  sleeve  by  means  of  hand 
Hence,  during  ordinary  operation,  the 
Ion-rod  sleeve,  valve  stem,  and  valve 
igle  unit.  By  turning  the  hand  wheel 
stem  L  will  screw  into  sleeve  /  and  the 
i  the  spring  will  be  increased.  Hand 
nerves  as  a  lock  nut  and  prevents  K  from  turning  during 
>pe  ration. 

■ed-water  Regulators. —  The  water  level  in  the  boiler  should 
s  nearly  constant  as  possible,  and  this  necessitates  considerable 
i  on  the  part  of  the  fireman,  especially  with  fluctuating  loads. 
i  a  number  of  devices  on  the  market  which  are  designed  to 
silly  maintain  a  constant  level,  and  in  many  small  plants 
;  duties  of  the  fireman  are  numerous  such  devices  in  connec- 
high  and  low  water  alarms  are  of  considerable  assistance. 
,  however,  is  not  always  positive  on  account  of  wear  or 
f  parts,  and  engineers  as  a  rule  prefer  to  rely  upon  hand  regu- 

i  shows  a  section  through  a  Kitts  feed-water  regulator,  con- 
-wo  parts,  the  chamber  F  and  the  regulating  valve  V. 
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float  chamber  is  connected  to  the  boiler  or  water  column  at  0  -ind  E, 
and  the  regulating  valve  to  the  feed  main  at  It  and  to  the  boiler  Sm 
pipe  at  If.  When  the  water  in  the  boiler  falls  below  the  mean  level,  tht 
weight  B  overcomes  the  counterweight  G  and  closes  needle  valve  L  br 
means  of  compound  levers.  At  the  same  time  an  extension  on  valve  L 
lifts  spring  A  and  opens  exhaust  valve  D.  This  removes  the  sttaa 
pressure  from  the  top  of  diaphragm  C,  in  the  regulating  valve,  thruuidi 
the  agency  of  pipe  K.  The  pressure  from  the  pump  raises  the  disk  T 
and  water  flows  into  the  boiler  until  the  water  rises  to  the  mean  level. 


Fio.  aft.    Kitta  F. 

When  weight  B  becomes  submerged  its  weight  is  overcome  by  want* 
weight  G,  valve  L  is  opened  and  exhaust  valve  D  is  closed.  This 
admits  steam  pressure  to  the  diaphragm  C  and  forces  disk  T  to  itsaert 
cutting  oft"  the  supply  of  water  to  the  boiler. 

The  Howe  feed-water  regulator,  Fig.  387,  depends  for  its  operalkn 
Oil  a  familiar  float-controlled  valve  mechanism.  The  vessel  -1  Li I 
nectcd  In  the  boiler  above  and  Mow  the  water  line,  and  the  float  C, 
following  the  water  lovel  up  ami  down,  actuates  a  balanced  valve  ia 
Kvvonliincc  with  the  boiler-feed  requirements.  When  this  apparsW 
it  ustil  to  regulate  the  feed  of  a  single  boiler  the  opening  G  in  thevih*  i 
,  '  uubor  is  eonnccted  to  the  steam  space  of  the  boiler  and  the  outlrtff 
in  atmed  to  the  steam  inlet  of  the  feed-water  pump.     When  the  * 
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is  normal  the  float  closes  the  valve  L  and  thereby  cuts  off  the 
Y  of  steam  to  the  pump  cylinders.  Communication  between 
bers  A  and  R  is  prevented  by  means  of  a  diaphragm  M.  When 
ater  level  falls  below  normal  the  float  pulls  the  valve  down,  open- 
ie  way  for  steam  to  pass  from  the  inlet  G  to  the  outlet  H  and 
e  to  the  pump.  When  the'regulator  is  used  to  control  a  battery 
ilers  the  pump  discharge  delivers  into  the  inlet  G  and  the  water 
i  through  H  to  the  boiler-feed  main.    Should  the  water  level  fall 


"  S-C  "  Feed  Water  Regulator.       Fig.  389.     A  Typical  Geared  Triplex  Pump. 


d  a  predetermined  limit  by  reason  of  any  accidental  discon- 
ice  of  the  water  supply  which  the  apparatus  cannot  correct,  the 
rould  open  the  valve  F  of  the  alarm  whistle  0  mounted  on  the  top 

main  vessel. 
.  388  gives  the  general  details  of  the  "S-C"  feed  water  regulator 

differs  from  the  types  just  described  in  the  manner  of  actuating 
ater  regulating  valve.  A  small  copper  vessel,  A,  partly  filled 
rater,  is  in  communication  with  diaphragm  I  through  the  medium 
■e  F.  The  water  in  vessel  A  is  independent  of  the  boiler  supply. 
11  copper  U-tube,  U,  projects  into  chamber  A,  as  indicated.  When 
tter  in  the  boiler  is  at  its  highest  level  the  U-tube  is  filled  with  water 
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and  the  pump  regulator  valve  V  is  not  feeding.    As  the  level  of  tta 
water  in  the  boiler  drops  the  water  recedes  from  the  outer  surface  rf 
the  U-tube,  and  the  upper  branch  of  the  tube  is  surrounded  with  stem. 
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&  this  type  installed  in  the  power  plant  of  the  Armour  Institute  of  Tech- 
nology are  giving  excellent  service. 

313.  Power  Pumps.  —  Piston  pumps,  geared,  belted,  or  direct  con- 
tected  to  electric  motors,  gas  engines,  and  water  motors,  are  used 
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O.  391.     Performance  of  a  65-horse-power,  Motor-driven  Triplex  Pump.     Geared  Type. 

iefly  where  steam  power  is  not  available.  Their  general  utility  is 
idenced  by  the  rapidly  increasing  number  installed  in  situations 
Fxnerly  occupied  by  the  direct-acting  steam  pump.  The  efficiency  of 
IB  type  of  pump  depends  in  a  large  measure  upon  the  character  of 
^  driving  motor  and  the  efficiency  of  the  transmitting  mechanism* 
itSb-speed  power  pumps  direct   connected   to   electric   motors  give 
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efficiencies  from  line  to  water  horse  power  as  high  as  83  per  cent,  ? 

the  low-speed  geared  type  seldom  exceed  70  per  cent.    The  cunrc 

Fig.  390  give  the  performance  of  a  direct-connected  triplex  pu 

and  those  in  Fig.  391  the  performance  of  a  triplex  pump  geared  to 

electric  motor.     Both  of  these  performances  are  exceptionally  [ 

and  are  considerably  above  the  average. 

For  a  General  Treatise  on  the  Design  and  Operation  of  Pumping  Machinery 
suit  "Pumping  Machinery,"  by  A.  M.  Greene;  John  Wiley  &  Sons,  1911. 

314.  Injectors.  —  As  a  boiler  feeder  the  injector  is  an  efficient 
convenient  device,  cheap  and  compact,  with  no  moving  parts,  del 
hot  water  to  the  boiler  without  preheating,  and  has  no  exhaust  si 
to  be  disposed  of.  Its  adoption  in  locomotives  is  practically  univt 
but  in  stationary  practice  it  is  limited  to  small  boilers  or  single  b< 
or  as  a  reserve  feeder  in  connection  with  pumps.    The  objeetioi 


Combining  Tube 


Supply 


Fe«I  Water 
Inlet 


Overflow 

Fig.  392.     Elementary  Steam  Injector. 


an  injector  are  its  inability  to  handle  hot  water,  the  difficulty  of  n 
taining  a  continuous  flow  under  extreme  variation  6f  load,  and  the 
certainty  of  operation  under  certain  conditions.  Fig.  392  illusti 
the  simplest  form  of  single-tube  injector.  Boiler  steam  is  admitte 
A  and,  flowing  through  nozzle  and  combining  tube  to  the  atmospl 
through  (7,  partially  exhausts  the  air  from  pipe  B,  thereby  causing 
water  to  rise  until  it  comes  in  contact  with  the  steam.  The  sfe 
emerging  from  nozzle  C  at  high  velocity  condenses  on  meeting 
water  and  imparts  considerable  momentum  to  it.  The  energy  in 
rapidlv  moving  mass  is  sufficient  to  carry  it  across  opening  0,  lift  clu 
H  from  its  seat  and  force  it  into  the  boiler.     The  steam  then  ca 

v.  escape  at  (7. 

as.  Positive  Injectors.  —  Fig.  303  shows  a  section  through  a  Hi 

*-*#■:*:  injector,  illustrating  the  principles  of  the  double-tube  poflo 

.-^     it*  operation  is  as  follows:  Overflow  valves  D  and  F  areopa 

ait  mid  is  admitted,  which  at  first  passes  freely  through  the  o* 

atmosphere  and  in  so  doing  exhausts  the  air  from  the  art 

the  feed  water  to  rise  until  it  meets  the  jet  of*1 
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aid  the  two  are  forced  through  the  overflow.  As  soon  as  water  appears 
.t  the  overflow,  valve  D  is  closed,  valve  C  partially  opened,  and  valve 
r  closed.  This  admits  steam  through  the  forcing  jet  W  and,  the  over- 
low  valves  being  closed,  the  water  is  fed  into  the  boiler.  In  case  the 
Lrtion  is  interrupted  for  any  reason  it  is  necessary  to  restart  it  by  hand. 
The  chief  advantage  of  the  double-tube  positive  type  lies  in  its 
bbility  to  lift  water  to  a  greater  height  and  to  handle  hotter  water  than 
lie  single-tube.  Its  range  in  pressure  is  also  greater,  that  is,  it  will 
itart  with  a  lower  steam  pressure  and  discharge  against  a  higher  back 
■essure.  Double-tube  injectors  are  used  almost  exclusively  in  loco- 
Botive  work. 


to.  3Q3.     Hancock  Double-tube 

Injector- 
Sit.  Automatic  Injectors.  —  Fig.  394  shows  a  section  through  the 
tenberthy  injector.  Its  operation  is  as  follows:  Steam  enters  at  the 
>J>  connection  and  blows  through  suction  tube  c  into  the  combining 
ibe  d  and  into  chamber  g,  from  which  it  passes  through  overflow  valve 
to  the  overflow  m.  When  water  is  drawn  in  from  the  suction  intake 
id  begins  to  discharge  at  the  overflow,  the  resulting  condensation  of 
*e  steam  creates  a  partial  vacuum  above  the  movable  ring  h  and  the 
•tfer  is  forced  against  the  end  of  tube  c,  cutting  off  the  direct  flow 
f  "Water  to  the  overflow.  The  water  then  passes  into  the  boiler.  Spill 
t>Ies  i,  i,  i  are  for  the  purpose  of  relieving  the  excess  of  water  until' 


614  STEAM  POWER  PLANT  ENGINEERING 

communication  with  the  boiler  has  been  established.  The  action  of 
opening  and  closing  the  overflow  is  entirely  automatic.  Where  the 
conditions  are  not  too  extreme  the  automatic  injector  is  to  be  preferred 
for  stationary  work  because  of  its  restarting  features.  It  is  also  useda 
traction,  logging,  and  road  engines,  where  its  certainty  of  action  and 
special  adaptability  render  it  invaluable  for  the  rough  work  to  which 
such  machines  are  subjected. 

Injectors,  Theory  of:  Trans.  A.S.M.E.,  10-339;  Sibley  Jour.,  Dec.,  1897,  p.  101; 
Power,  May,  1901,  p.  23;  Thermodynamics  of  the  Steam  Engine,  Peabody,  Chap. 
IX;  Theory  of  the  Steam  Injector,  Kneass. 

Injectors,  General  Description:  Engr.  U.  S.,  Oct.  1,  1907,  Nov.  15,  1907,  July  15, 
1904,  p.  501,  Feb.  2,  1903,  p.  151;  Power,  Aug.,  1906,  p.  478;  Engr.,  Lond.,  March 
10,  1905,  p.  244;  Engineering,  Aug.  30,  1895,  p.  281. 

317.  Performance  of  Injectors.  —  The  performance  of  an  injector  may 
be  very  closely  determined  from  the  equation 

_  xr  +  q  —  t  +  32     (Kneass,  "Theory  of  the  ^ 

w  ""  t  -  to  Injector,"  p.  83),  {    ' 

in  which 

w  =  pounds  of  water  delivered  per  pound  of  steam  supplied, 
x  =  quality  of  the  steam  supplied, 
r  =  heat  of  vaporization, 
(/  =  heat  of  the  liquid, 
/  =  temperature  of  the  discharge  water, 
t0  =  temperature  of  the  suction  water. 

Figs.  39f>,  390,  and  397  give  the  performance  of  a  Desmond  auto- 
matic injector  as  tested  at  the  Armour  Institute  of  Technology.  The 
results  cheek  very  closely  with  those  calculated  from  above  equation, 
deferring  to  Fig.  395  it  will  be  seen  that  the  wreight  of  water  delivered 
per  pound  of  steam  decreases  as  the  initial  pressure  is  increased,  all 
other  factors  remaining  the  same.  From  Fig.  396  it  will  be  noted  that 
the  weight  of  water  delivered  per  pound  of  steam  decreases  as  the  tem- 
perature of  suction  supply  is  increased  up  to  a  point  where  the  injector 
"breaks"  or  becomes  inoperative.  This  critical  temperature  varies 
with  the  different  types  of  injectors,  being  highest  for  the  double-tube 
t  \  pe,  but  seldom  exceeds  160  degrees  F.  Fig.  397  shows  that  the  weight 
of  water  delivered  per  pound  of  steam  is  practically  constant  for  all 
diM-haiL'e  pressures  within  the  limits  of  the  apparatus. 

Table  W  gives  the  range  of  working  steam  pressures  for  standard 
••  Metropolitan  "  injectors  with  varying  suction  heads  and  temperatures, 
mid,  though  strictly  applicable  to  this  particular  type  only,  is  charac- 
tciistie  «»f  all  makes. 
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In  selecting  an  injector  the  following  information  is  desirable  l« 
beat  results: 

1.  The  lowest  and  highest  steam  pressure  carried. 

2.  The  temperature  of  the  water  supply. 

3.  The  source  of  water  supply,  whether  the  injector  is  need 
lifter  or  non-lifter. 

4.  The  general  service,  such  as  character  of  the  water  used,  whetta 
the  injector  is  subject  to  severe  jars,  etc. 

Injecton,  Tenia  of:  Eng.  News,  March  17,  1898,  July  16,  1896,  p.  39;   Loc Ih 

Engineering,  May,  1000,  p.  204;  Power,  Oct.,  1904,  p.  602;  Railroad  Gazelle,  [in 
11,  1S96;  Thermodynamics  of  the  Steam  Engine,  Peabody,  Chapter  IX;  Tbcnn  d 
the  Injector,  Kneasa. 

TABLE  99. 

RANGE  IN  WORKING   PRESSURES. 
Standard  "  Metropolitan  "  Steam  Injoclora. 

Automatic. 

Suction 
Temperature. 

Suction  Head,  Feel. 

Degrees  F. 

2 

. 

M 

20 

p££. 

Under  60 

25  to  150 

30  to  130 

42  to  no 

55  lo    85 

20  to  1(0 

26  to  130 

33  to  100 

55  to    80 

25  to  125 

IS  to   H 

HO 

Double  Tube. 

Suction 

Suction  Head,  Feet. 

Degrees  F. 
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14 

Under 

Under  00 
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23  to  220 

27  to  175 
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14,10  2SD 

too 

15  to  210 

2G  to  100 

37  to  120 

46  to    70 

15  to  210 

20  to  185 

30  to  120 

42  to    75 

20  to  !S5 
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20  to  120 

35  to    70 

20  to  120 
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318.  Injector  vs.  Steam  Pump  as  a  Boiler  Feeder.  —  From  a  purely 
thermodynamic  standpoint  the  efficiency  of  an  injector  is  nearly  per- 
fect, since  the  heat  drawn  from  the  boiler  is  returned  to  the  boiler  again, 
less  a  slight  radiation  loss.  As  a  pump,  however,  the  injector  is  very 
inefficient  and  requires  more  fuel  for  its  operation  than  very  wasteful 
feed  pumps.  This  is  best  illustrated  by  an  example:  An  injector  of 
modern  construction  will  deliver  say  15  pounds  of  water  to  the  boiler 
per  pound  of  steam  supplied,  with  delivery  temperature  of  150  degrees  F. 
This  corresponds  to  a  heat  consumption  of  71.3  B.t.u.  per  pound  of 
water  delivered,  thus: 

With  initial  pressure  of  115  pounds  absolute, 

H  =  1188.8. 

Heat  in  the  water  delivered  to  the  boiler, 

150  -  32  =  118  B.t.u.  above  32  degrees  F. 

Heat  of  1  pound  of  steam  above  a  feed  temperature  of  150  degrees  F., 

1188.8  -  118  =  1070.8  B.t.u. 

Heat  required  to  deliver  1  pound  of  water  to  the  boiler, 

1070.8     _  0  ^  x 
—7=— =71.3  B.t.u. 

15 

A  simple  direct-acting  duplex  pump  consumes  say  200  pounds  steam 
per  i.h.p.  hour.  Assume  the  extreme  case  where  the  exhaust  steam 
will  not  be  used  for  heating  the  feed  water  and  the  latter  is  fed  into 
the  boiler  at  60  degrees  F. 

The  heat  supplied  to  the  pump  per  i.h.p.  hour, 

200  {1188.8  -  (60  -  32)}  =  232,160  B.t.u. 

Assuming  the  low  mechanical  efficiency  of  50  per  cent,  the  heat 
required  to  develop  one  horse  power  at  the  water  end  will  be 

232,160  -s-  0.50  =  464,320  B.t.u.  per  hour. 

Since  the  steam  pressure  is  100  pounds  gauge,  the  equivalent  head 
3f  water  at  60  degrees  F.  is 

2.3  X  100  =  230  feet. 

Assume  the  friction  in  the  feed  pipe,  the  resistance  of  valves,  etc.,  to 

ye  30  per  cent  of  the  boiler  pressure;   the  total  head  pumped  against 

prill  be 

230  +  69  =  299,  say  300  feet, 

1  horse-power  hour  =  1,980,000  foot-pounds  per  hour, 

1,980,000      ppnrk  A 

3(K)      =  6600  pounds; 
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that  is,  1  horse  power  at  the  pump  will  deliver  6600  pounds  of  water  per 
hour  to  the  boiler  against  a  head  of  300  feet. 
The  heat  consumption  per  pound  of  water  delivered, 

464,320 


6600 


=  70.3  B.t.u. 


If  the  feed  water  is  heated  to  say  210  degrees  F.  by  the  exhaust  steam 
from  the  pump,  the  heat  consumption  will  be  63.7  B.t.u.  as  against  70.3 
without  the  heater. 

Thus  even  in  this'  extreme  case  of  poor  steam-pump  performance 
the  heat  consumption  lies  in  favor  of  the  pump.  With  the  better 
grades  of  pumps  this  disparity  is  considerably  greater,  and  decidedly 
so  if  the  exhaust  steam  is  used  to  preheat  the  feed  water.  For  inter- 
mittent operation  the  condensation  losses  in  the  pump  may  more  than 
offset  this  gain.  Other  conditions,  however,  such  as  compactness 
low  first  cost,  and  ease  of  operation  are  oftentimes  considerations  and 
the  heat  consumption  is  of  minor  importance. 

319.  Air  Pumps.  —  Condenser  air  pumps  may  be  divided  into  two 
classes: 

1.  Wet-air  pumps  and 

2.  Dry-air  pumps. 

The  former  handle  both  air  and  water  and  the  latter  air  alone.  Or- 
dinary jet-condenser  wet-air  pumps  handle  simultaneously  the  circu- 
lating water,  condensed  steam,  and  entrained  air,  and  are,  in  fact,  a 
combination  of  circulating  and  vacuum  pump.  Surface-condenser 
wet -air  pumps  are  the  same  in  principle  and  design,  but  are  smaller  in 
size  for  a  given  main  engine  output,  as  they  handle  the  condensed  steam 
and  air  only. 

Wet-air  pumps  may  be  driven  by  the  main  engine  or  independently 
and  may  be4  direct  acting,  Fig.  206,  or  flywheel  driven,  Fig.  312.  The 
flywheel  type  may  be  steam,  electric,  or  belt  driven.  Dry-air  pumps 
are  virtually  air  compressors,  as  their  function  is  to  compress  air  from 
the  pressure  existing  in  the  condenser  to  that  of  the  atmosphere.  They 
are  generally  of  the  flywheel  type. 

320.  Dean  Air  Pump.  —  Fig.  308  shows  a  section  of  the  air  cylinder 
of  a  Dean  twin-cylinder  wet-air  pump  as  applied  to  a  standard  low- 
vacuum  jet  condenser.  There  are  three  sets  of  valves,  the  suction  or 
foot  valves  .1,  .4,  the  lifting  or  bucket  valves  B,  B,  and  the  head  or 
discharge  valves  (\  C.  On  the  upward  stroke  of  the  piston  or  bucket 
a  partial  vacuum  is  formed  in  the  chamber  between  the  bucket  and  the 
lower  head,  causing  the  water  and  air  in  the  bottom  of  the  barrel  to 
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Fio.  398.     Dean  Air  Pump. 


ift  the  foot  valves  A,  A  from  their  seats  and  flow  into  the  cylinder. 
3n  the  downward  stroke  the  foot  valves  Ay  A  close  and  water  and  air 
ue  entrapped  in  chamber  R  between 
,he  lower  head  and  the  bucket. 
%s  the  bucket  descends,  the  pres- 
sure of  air  in  the  cylinder  lifts  the 
Ducket  valves  B,  B  from  their  seats 
knd  permits  the  air  and  water  to 
scape  to  the  upper  portion  S  of 
ihe  cylinder  between  the  head  plate 
»nd  the  bucket.  On  the  next  up- 
ward stroke  the  water  and  air  are 
rbrced  through  the  discharge  valves 
2,  C  into  the  hot  well.  This  dis- 
charge of  water  and  air  from  the  top 
compartment  is  simultaneous  with 
influx  of  water  and  air  in  the  lower 
chamber. 

See  paragraph  242  for  other  types 
rf  wet-air  pumps  in  connection  with 
jet  condensers. 

321.  Size  of  Wet-air  Pumps;  Jet  Condensers.  —  In  proportioning  such 
pumps  the  quantity  of  cooling  water  and  condensed  steam  to  be 
taken  care  of  is  readily  determined,  but  the  percentage  of  air  mingled 
inth  it  must  be  estimated.  Surface  water  under  atmospheric  pressure 
irdinarily  contains  from  2  to  5  per  cent  of  air  by  volume.  To  provide 
or  possible  leakage  a  very  liberal  factor  is  usually  allowed,  an  average 
igure  being  about  10  per  cent. 

Let  Q  =  total  volume  of  air  and  water  in  cubic  feet  per  hour  to 
be  handled  by  the  pump; 

V  =  volume  of  cooling  water  in  cubic  feet  per  hour; 

v  =  volume  of  condensed  steam  in  cubic  feet  per  hour; 

va  =  volume  of  air  at  pressure  pa  and  temperature  ta; 

ta  =  temperature  of  the  air  entering  the  condenser,  degrees  F. ; 

t»  =  temperature  of  the  discharge  water,  degrees  F.  ; 

t0  =  initial  temperature  of  the  cooling  water,  degrees  F.; 
pa  =  atmospheric  pressure,  pounds  per  square  inch; 
pc  =  total  pressure  in  the  condenser,  pounds  per  square  inch; 
pv  =  pressure  of  aqueous  vapor  at  temperature  f2; 

hen  (V  +  v)  =  volume  of  water  to  be  pumped  from  the  condenser 
er  hour. 


20 


STEAM  POWER  PLANT  ENGINEERING 


The  air  entering  the  condenser  will  be  increased  in  volume  on  accoua 
f  the  reduction  in  pressure  and  the  increase  in  temperature.    If  r,i 
he  original  volume  under  pressure  p„  and  temperature  i.  the  fa 
olume  on  entering  the  condenser  is  (see  equations  163  and  164) 
_       fc  +  460, 
p.      <o  +  460  [™ 

nd  the  total  volume  to  be  exhausted  per  hour  by  the  pump  is 
fe+460 
U  +  460' 


Final  volume  = 


Q  =  V  + 


at 


r:i|;r 


11 1« 


Pa  mn 
Hrwc*  und  Phillips  J,.t  Condenser  and  Air  Pumps. 

onditiuns  of  reciprocating-engine  practice  theW 
i'  is  about  1 10  degrees  F.  anil  the  absolute  back  preaair 
ury.     Assuming  70  degrees  F.  as  the  initial  tempeotw 

iter  ami  allowing  lOper  cent  as  the  air  entrairaiKtl 

t«  =  TO  r    =  0.04  V  (sec  equation  167) 

fa  =  110  i'„  =0.1  r. 

I.,  =ta  =  70 


(j  =  v  .i-iunr- 
--  :{.:{  r. 


110  +  460 
>       70  +  460 


PUMPS 


621 


,ge  practice  gives  3  V  as  the  pump  displacement  per  hour  for  a 
;ting  pump  and  3.5  V  for  a  double-acting  pump,  the  cylinders 
dinarily  proportioned  on  a  piston  velocity  of  50  feet  per  minute 
I  capacity. 

100  gives  the  approximate  sizes  of  air  pumps  for  condensers 
ifactured  by  prominent  makers, 
combined  air  and  circulating  pump  is  not  adapted  for  high 

work  on  account  of  the  enormous  increase  in  air  volume  at 
v  pressures.  With  cold  injection  water  and  a  good  air-tight 
ing  system  vacua  as  high  as  2  inches  absolute  are  possible 
5  standard  type  of  jet  condenser  air  pumps  but  practice  recom- 
,he  use  of  separate  air  and  circulating  pumps  under  these  con- 

(See  paragraph  326.) 

TABLE  100. 

QMATE   SIZES  OF   PISTON  AIR  PUMPS   FOR  STANDARD  LOW  VACUUM 

CONDENSERS. 


I  Of 

tem- 
per 

• 

Jet  Condenser. 

Surface  Condensers. 

Duplex 
Pump. 

Horizontal 

Double  Acting 

Pump. 

Vertical 

2-Cylinder 

Single 

Acting. 

Horizontal. 

Vertical 
2-Cylinder. 

1,000 

4}X  5 
5f  X  6 
6*X  6 
7*X  6 

7  X  10 

8  X  10 
8*X  10 

9  X  10 
10    X  10 
101  X  10 

U  X  10 
12  X  10 
12  X  15 
15  X  15 
17  X  15 
19  X  15 

6X     7 
8X     7 
8X  12 
9X    9 
9X  10 

11  X  12 

12  X  14 
14  X  14 

14  X  16 

15  X  16 

15  X  18 

16  X  18 
18  X  18 
20  X  24 
24  X  24 
26  X  24 

5X     4 

6X    4 

7X    5 

9X    6 

10  X    8 

11X9 

.  12  X    8 

12  X  10 

14  X  10 

15  X  10 

15  X  12 

16  X  10 

17  X  12 
20  X  12 
22  X  15 
24  X  18 

3J  X    4 
4X4 
4X6 
5X7 
5X8 
6X8 
7X9 
7    X  10 

7  X  12 

8  X  10 

8  X  12 

9  X  12 
10    X  12 
12    X  14 
14    X  16 
16    X  24 

1,500 

2,000 

2,500 

3,000 

4,000 

4,500 

5,000 

6,000 

7,000 
8,000 
9,000 
10,000 
15,000 
20.000 
25,000 

8X     4 
8X     6 
9X    6 

io  x  a 

11  X    8 

12  X    8 
14  X  10 

ir  pumps  are  usually  independently  driven,  making  it  possible 
the  speed  of  the  pump  irrespective  of  the  engine  speed  and  to 
vacuum  before  starting  the  engine.  Occasionally,  however, 
e  load  is  constant,  as  in  pumping-engine  practice,  the  pump 
driven  by  the  main  engine. 

if  ugal  wet-air  pumps  are  much  in  evidence  in  modern  stations  and 
uy  advantages  over  the  piston  type.    See  paragraphs  330  tr  " 
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322.  Edwards  Air  Pump.  —  Fig.  400   shows  a   section  through 
air  cylinder  of  an  Edwards  air  pump.     This  device  belongs  to  tlu>  sur- 
face-condenser "wet-air  pump"  class,  as  both  the  water  of  condeia. 
tion  and  the  entrained  air  are  exhausted  simultaneously  by  the 

piston.  Unlike  the  staiidsri 
type  of  wet-air  pump*,  fwl 
valves  and  bucket  vsl 
entirely  dispensed  with.  The 
condensed  steain  flows  contin- 
uously by  gravity  from  the  con- 
denser into  the  tan  b|  ■ 
pump  through  passage  A  ud 
annular  space  B.  As  the  piston 
C  descends  it  forces  the  wiw 
from  the  lower  part  of  the  eat- 
ing F  into  the  cylinder  props 
through  the  ports  P,P.  Onfl* 
upward  stroke  the  ports  in  lh 
piston  are  closed  and  the  is 
and  water  discharged  throw 
head  valves  D  and  exhnii 
port  E  toHhe  hot  well.  Tkt 
seats  of  valves  D  arc 
structed  with  a  rib  between  each  valve  and  a  lip  around  the  outeri 
so  that  each  valve  is  water-sealed  independently  of  the  others.  In 
earlier  air  pumps  of  this  general  type  the  clearance  between  the  buci 
and  head  valve  seat  is  necessarily  large,  due  to  the  space  occupied 
the  bucket  valves  and  the  ribs  on  the  under  side  of  the  valve  seati: 
This  clearance  space  reduces  the  capacity  of  the  pump,  since  the 
above  the  bucket  must  be  compressed  above  atmospheric  pressure ! 
fore  it  can  be  discharged,  and  on  the  return  stroke  will  expand  s 
occupy  a  space  which  should  be  available  for  a  fresh  supply  of  air  from 
the  condenser.  In  the  Edwards  air  pump  the  clearance  space  is  mint* 
to  a  minimum,  since  there  are  no  bucket  valves  to  limit  it.  The  ab*n« 
of  suction  or  foot  valves  still  further  increases  the  capacity  of  the  immp 

for  similar  n-:\.- -.     Tlicic  pump-;  :uv  ru-ran^ed  cither  single.  Jonbh". '■■ 

triplex:   steam,  electric,  or  belt  driven;  slow  or  high  speed.    T 
ordinarily  used  in  connection  with  surface  condensers. 
Centrifugal  Wet  Vacuum  Pump:   Power  A-  Enpr.,  Jan.  4,  1910. 

323.    Mullan   Valueless  Air   Pump.  —  Fig  401  shows  a  section  thtwri 
tile  "Mullan  valveless  air  pump"  as  used  in  connection  with  theC  H. 


.  •i(K).     Edwards  . 


P  III  PS 

heeler  Company's  "high-vacuum"  condensing  outfit.  The  pump  is 
iuble  acting  and  devoid  of  suction  valves.  The  cylinder  has  a  central 
rt  which  is  uncovered  by  the  piston  at  each  end  of  the  stroke  and 
vered  at  all  other  positions.  Discharge  valves  of  the  Gutermuth 
iral-spring  type  are  located  in  both  heads  of  the  cylinder.     As  the 


Fm.  401.     MuUtua  Air  Pump. 

ton  moves  from  one  end  of  its  stroke  to  the  other  it  forms  a  vacuum 
lind  it  and  forces  out  the  gases  and  water  ahead  of  it;  when  it  reaches 
'.  end  of  the  stroke  the  central  inlet  port  is  uncovered  and  the  vacuum 
lind  the  piston  draws  in  the  condensation  and  gases  from  the  con- 
iser.  This  operation  is  repeated  on  the  return  stroke. 
The  makers  claim  that  the  pump  will  operate,  under  shop-test  con- 
ions,  within  one  half  inch  of  the  barometer,  enabling  them  to  guaran- 
i  a  vacuum  within  two  inches  of  absolute  under  full-load  conditions 
steam  turbine  operation. 


m 


FT~J 


Fio.  402.    High  Vacuum  "  Rolrex"  Pump. 

24.   C.  H.  Wheeler  "Rutre\"  Pump.  —  Fig.  402  shows  a  partial  axial 

1  an  end  section  through  a  C.  H.  Wheeler  &  Co.'s  high-va 
lotrex"  pump.     This  pump  is  of  the  wet-vacuum  type  and  handlea 
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ting  air  pump  is  more  effective,  volumetrically,  than  the  Leblanc 
p,  but  for  high  vacua  the  latter  gives  the  best  results.  This  is 
/a  by  the  curves  in  Fig.  403  which,  though  strictly  applicable  only 
le  conditions  under  which  the  tests  were  made,  represent  the  gen- 
characteristics  of  the  two  types  of  pumps.     (Jour.  Wes.  Soc.  of 


i 

j 

I 

i 

if 

\\ 

1 

i 

J 

7 

i 

f  1 

1 

i 

/  = 

:| 

s 

// 

1 

f 

I 

,| 

! 

/ 

fy 

/ 

/ 

t 

// 

1 

y 

/ 

/ 

j 

7 

i 

/ 

/ 

m 

' 

j 

a 

n      i 

< 

' 

1 

0 

■- 

i 

i       i 

j 

i 

»    i* 

i    i-j 

Temperature  of  Air  Pump  Suction.  Degrees  Fahrenheit 
404.     Cubic  Feot  of  Saturated  Air  Containing  One  Pound  of  Dry  Air  for  Various 
Vacua  and  Air  Temperatures. 

s..  May,  1912,  p.  430.)  Referring  to  the  curves,  the  reciprocating 
p  is  superior  to  the  Leblanc  for  vacua  below  the  line  BB  and  for 
a  above  BB  the  latter  is  the  more  effective.  For  vacua  above  line 
the  Leblanc  pump  is  in  a  class  by  itself.  The  power  requirement 
e  Leblanc  pump  is  considerably  more  than  that  of  the  reciprocat 
ump  but  with  high  vacua  its  volumetric  capacity  is  so  much  great* 
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than  the  latter  that  the  decreased  air  tension  and  corresponding  in- 
crease in  vacuum  may  more  than  offset  power  requirement.  Table 
101  gives  the  results  of  a  Leblanc  condenser  test  and  gives  some  idea  of 
the  power  requirements. 

TABLE  101. 

TEST  Of  LEBI.ANC  CONDENSER  AND  PUMP. 


Steam  condensed,  pounds  per  hour  . . 

Approximate  rating,  per  cent 

Ratio  water  to  steam 

Injection  temperature,  degrees  F  .  . 
Temperature  difference  between  vaeii 

and  discharge,  degrees  F 

Vacuum,  inches  of  mercury . 

Per  cent  of  vacuum  realized  ..... 

Power  to  operate  all  pumps,  e.h.p  . .  . . 


13,100 

21,100 

28,750 

37.000 

44 

70 

96 

123 

S2.5 

SI. 4 

15  * 

33 

66 

70 

71 

70 

0 

7 

3.5 

2 

2s  7(1 

2*  or 

27.96 

27  59 

99.1 

OS. 6 

9e  ie 

99  15 

52 

63 

56 

66 

528.  Size  of  Wet-air  Pump  for  Surface  Condenser.  —  Since  the  wet-air 
pump  for  surface  condenser  handles  only  the  condensed  steam  and  ait, 
its  theoretical  capacity,  neglecting  clearance,  may  be  determined  by 
eliminating  F  from  equation  (242)  which  then  becomes 

k  +  46Q 

ta  +  460 ' 


■  V  +  Va  ■ 


(2431 


The  volume  of  air  entering  the  condenser  varies  so  much  with  the 
character  of  the  power-plant  equipment  and  the  conditions  of  opera- 
tion that  any  assumed  average  value  of  v  may  lead  to  serious  error. 
Average  steam  turbine  practice  gives 

Q  =  20  v  for  26-inch  vacuum, 
Q  =  30  v  for  27-inch  vacuum, 
Q  =  40  v  for  28-inch  vacuum. 
Average  reciprocating  engine  practice  gives 

Q  =  85  per  cent  of  above  for  same  operating  conditions. 

The  air-pump  displacement  necessary  to  exhaust  a  given  weight  of 
air  for  different  vacua  and  air-pump  suction  temperatures  is  shown  ia 
Fig.  404.  The  curves  are  based  upon  equation  (241)  and  give  the 
volume  of  xalumted  air  containing  one  pound  of  dry  air  at  various 
vacua  and  air-pump  suction  temperatures.  The  great  reduction  ia 
volume  effected  by  cooling  the  air-pump  suction  is  also  clearly  shown. 
The  marked  superiority  of  the  counter-current  condenser  over  tht 
parallel-flow  condenser  for  high  vacua  is  chiefly  due  to  the  reduction  in 
temperature  of  the  non-condensable  vapors. 
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K7.  Alberger  Rotative  Dry-air  Pump.  —  Fig.  405  shows  a  section 
through  the  air  cylinder  of  an  Alberger  rotative  dry-air  pump,  illus- 
trating a  type  of  pump  in  which  the  admission  valve  is  mechanically 
operated.  This  pump  is  designed  to  operate  with  dry  air  only,  all 
condensation  being  removed  before  the  air  enters  the  cylinder.  This 
permits  of  the  use  of  a  small  clearance  space  and  makes  it  possible  to 
run  at  a  higher  speed  of  rotation  than  can  be  secured  with  a  type  of 
pump  in'which  water  is  used  to  seal  the  valves.  Referring  to  Fig.  405, 
air  is  being  taken  into  the  right-hand  end  of  the  cylinder  through  inlet 
A  and  forced  from  the  left-hand  end  through  exhaust  opening  B. 
Rotary  valve  0  mechanically  opens  to  admission  and  mechanically 


Fio.  405.     Alberger  Rotative  Dry 


closes  the  discharge.  The  discharge  opening  depends  on  the  spring- 
regulated  valve  C  at  the  top  of  the  cylinder.  Heads  are  water  jacketed. 
Ports  and  passages  are  made  large  to  reduce  the  friction  of  the  air 
entering  the  pump,  and,  to  obviate  the  bad  effects  of  clearance,  an 
equalizing  passage  is  provided  in  valve  0.  The  action  of  the  passage  is 
shown  in  the  section  to  the  right.  When  the  piston  reaches  the  end  of 
the  stroke  the  clearance  space  is  filled  with  air  at  atmospheric  pressure. 
If  this  pressure  were  not  relieved  the  piston  would  travel  a  considerable 
distance  before  drawing  in  air  from  the  condenser.  By  means  of  the  equal- 
izing passage  the  clearance  space  is  connected  to  the  opposite  end  of  the 
cylinder  and  the  vacuum  there  reduces  the  pressure  in  the  clearance  space. 
328.  SIk  of  Dry-alx  Pumps.  —  "Dry-air"  pumps  are  used  in  con- 
nection with  barometric  and  surface  condensers  where  a  high  degree 
of  vacuum  is  essential,  as  in  steam  turbine  practice.  Such  pumps  are 
intended  to  exhaust  the  saturated  non-condensable  vapors  only. 
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The  capacity  of  the  dry-air  pump  is  based  upon  experience  rather 
than  theory.     Current  practice  gives 

Q  =  20  v  to  30  v  for  vacua  under  27  inches. 

Q  =  35  v  to  50  v  for  vacua  of  28  inches  and  over,  both  referred  to 

30-inch  barometer. 
Professor  Weigh  ton  states  that  "with  suitable  condenser  arrange- 
ments and  a  reasonably  air-tight  system  there  is  nothing  gained  in 
efficiency  by  the  use  of  air  pumps  exceeding  in  capacity  0.7  of  a  cubic 
foot  per  pound  of  steam  condensed  up  to  a  vacuum  of  29  inches." 
(Engineering  Record,  May  19,  1900,  p.  61.) 

The  work  done  by  the  average  "high-vacuum"  reciprocating  dry- 
Mr  pump  is  a  maximum  for  vacua  between  18  and  20  inches. 

This  may  be  proved  from  Fig.  400  which  represents  a  theoretical  in- 
dicator card  from  the  air-pump  cylinder. 

Letpi  =  pressure  in  the  condenser,  pounds  per  square  inch  absolute ; 
pi  =  atmospheric  pressure; 

l'i  =  piston  displacement,  including  clearance,  cubic  feet; 
v\  =  volume  of  air  in  the  cylinder  when  the  valve  opens  to  at- 
mosphere, cubic  feet; 
V,  =  clearance  volume,  cubic  feet. 
The  work  done  is  proportional  to  the  area  ABCD. 
AreaABCD  =  work  done  =  areafiB/0  +  BAGI  -  FAGO  -  ECDF. 
Neglecting  the  exponential  factor  ti  for  the  sake  of  simplicity,  thus 
making  pv  =  pju,  =  pjej  =  constant, 

W  =  work  done  =  pn*  +  p,n  /     —  -  prt  —  pivr  +  psvt.      (244) 

Substitute  pivi  for  its  equivalent  ftii  and     ■     *  for  its  equivalent  p-r, 
and  integrate. 

W  =  pm  +  piv,  log,  I*  -  pii'i  log,  m  —  pii-i  +    \—  •         (245) 
making  the  first  derivative  zero. 

s£  *  °  "  ,og"  ''■  ~  1  ~  '' 

0  = 
i.e.,  H"  is  a  maximum  when 


"*5  ■ 
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For  average  high-vacuum  practice  ve  =  3  per  cent  of  the  piston  dis- 
placement. Assume  i*  =  1,  ve  =  0.03,  and  pi  =  14.7  pounds  per  square 
inch,  and  substitute  these  values  in  Equation  (249),  thus: 

,      14.7      ,      0.03 
log, =  1  - 


V* 


1.00 


Whence  p%  =  5.5  pounds  per  square  inch  absolute,  which  corresponds 
to  a  vacuum  of  18.6  inches  of  mercury. 
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Thus  we  see  that  the  maximum  load  on  the  pump  occurs  when  the 
vacuum  is  between  18  and  20  inches.  If  the  vacuum  is  less  than  this, 
the  load  falls  off  because  of  the  decreased  difference  in  pressure.  If  the 
vacuum  is  greater,  the  load  falls  from  the  decrease  in  weight  of  air 
handled. 

329.  Centrifugal  Pumps.  —  Centrifugal  pumps  consist  of  two  essen- 
tial elements,  (1)  a  rotary  impeller  which  draws  in  the  water  at  its 
center  and  (2)  a  stationary  casing  which  guides  the  water  thrown  from 
the  ends  of  the  impeller  to  the  discharge  outlet.  Increase  of  peripheral 
speed  increases  the  energy  in  the  impeller.  This  increase  in  energy  may 
take  the  form  of  increase  in  pressure  or  potential  energy,  or  it  may  be 
in  the  form  of  increase  in  rate  of  flow  or  kinetic  energy.  In  general 
there  is  an  increase  in  both  kinetic  and  potential  energy.  The  im- 
peller may  be  of  the  open  type,  Fig.  408  (B),  or  closed,  Fig.  408  (A). 
The  casing  may  be  cylindrical  and  concentric  with  the  impeller,  Fig. 
412,  or  of  spiral  form,  Fig.  407.  It  may  be  plain  or  fitted  with  diffu- 
sion vanes  and  any  number  of  impellers  may  be  employed.  The  shape 
of  the  impeller  and  casing  and  the  number  of  impellers  or  stages  deter- 
mine the  efficiency  of  the  pump  and  its  adaptability  to  certain  con- 
ditions of  service. 


630  STEAM  POWER  PLANT  ENGINEERING 

Centrifugal  pumps  are  generally  classified  as 

1.  Volute 

2.  Turbine. 

330.  Volute  Pumps.  —  Fig.  407  gives  an  end  view  of  a  typical  single- 
stage  volute  pump  with  end  plate  removed  so  as  to  expose  the  im- 
peller, and  Fig.  409  shows  a  section  through  a  modern  single-stage 
volute  pump  with  double  suction.  In  the 
volute  pump  the  casing  is  of  spiral  design 
forming  a  gradually  increasing  water  or 
"whirlpool"  chamber,  A-B,  Fig.  409,  for 
the  purpose  of  partially  converting  velocity 
head  to  pressure  head.  The  older  forms  of 
volute  pumps  were  very  inefficient,  seldom 
delivering  more  than  40  per  cent  of  the 
energy  supplied  and  usually  not  adapted 
to  lifts  greater  than  50  feet.  The  modern 
pumps  give  efficiencies  as  high  as  80  per 
Fio.407.  a  Typical  centrifuBai  cent,  and  the  lift  is  limited  only  by  the  speed 
of  the  impeller.  As  a  general  rule  the  volute 
pump  is  of  single-stage  construction  and  limited  to  comparatively  low 
lifts,  120  feet  and  under,  though  two-stage  pumps  of  this  type  are  on 
the  market  designed  for  heads  as  high  as  1000  feet. 


10S.     Types  of  Impeller 


I.  Turbine  Pumps.  —  In  the    usual   design   of  volute  pumps  the 

am  of  water  in  the  caning  is  at  cross  current  with  that  thrown  out 
i  the  impeller  as  shown  in  Fig.  410.  The  turbine  pump  is  provided 
i  a  system  of  diffusion  vanes  or  expanding  ducts,  disposed  between 

|H'ri[>hery  of  the  impeller  and  the  annular  casing,  somewhat  like 

I'.ni'ie  vanes  in  a  reaction  turbine  water  wheel,  so  that  the  fluid 
mi's  tanjrentiaily  at  about,  the  velocity  in  the  casing  (see  Fig.  411). 

rusinK  is  usually  concentric  with  the  impeller  and  of  uniform  cross 
inn  llinitgli  the  volute  casing  is  sometimes  used  in  this  connection. 

1 1 it<;li   lifts  these  pumps  arc  compounded,  thereby  reducing  the 


peripheral  velocity  and  decreasing  the  friction  losses.     Fig.  412  shows 
&  section  through  a  three-stage  Worthington  turbine  pump  as  installed 


Fia.  409.    Typical  Single-stage  Double  Suction  Volute  Pump. 


in  the  testing  laboratories  of  the  Armour  Institute  of  Technology  and 
designed  to  deliver  200  gallons  per  minute  against  a  750-foot  head  at 
2500  r.p.m. 


Pro.  410.  Direction  of  Water  from  the 
Impellers  of  a  Centrifugal  Pun'ip 
without  Diffusion  Vanes. 

332.  Field  for  Centrifugal  Pumps.  —  In  view  of  past  developments 
it  is  probable  that  the  eentriugal  pump  will  supplant  the  piston  type 
of  pump  for  practically  all  purposes,  except  perhaps  for  deep-well  service 
and  for  very  heavy  pressures.  Centrifugal  pumps  are  now  used  for 
boiler  feeding,  circulating  condensing  water,  hot-well  and  wet-vacuum 
purposes  and  for  various  applications  of  industrial  service.    Efficiencier 
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above  70  per  cent  arc  not  unusual  and  the  head  against  which  the 
pump  may  operate  is  limited  only  by  the  peripheral  speed  at  which 
the  impeller  may  be  safely  run.  Although  the  equivalent  heat  efficiency 
of  the  high-grade  piston  pump  is  superior  to  that  of  the  centrifupl 
pump,  other  items,  such  as  low  first  cost,  decreased  cost  of  repairs  and 
the  like,  frequently  offset  this  advantage.  Some  of  the  advantages  a 
the  centrifugal  pump  as  compared  with  the  piston  type  are: 

1.  Low  first  cost, 

2.  Compactness, 

3.  Absence  of  valves  and  pistons, 

4.  Low  rate  of  depreciation, 


.   Uniform  pressure  and  flow  of  water, 

.  Simplicity  of  design  and  case  of  operation, 

Freedom  from  shuck, 
.  High   rotative   speed,   permitting  direct  connection   to  elect rir 
motors  and  steam  turbines, 
V'Uity  to  handle  dirty  water,  sewage  and  the  like, 
Li  ■.■**»•  of  stoppage  of  delivery,   the  pressure   cannot  incn-av 

'cyoiul  the  predetermined  working  pressure,  and 
~L^-  ..'£  repair. 
~  t-    -  -;>■  >tisad vantages  are; 

-r-  !*/'■  not  as  high  as  the  best  grade  of  piston  pumps. 
■.-..t   *  iirvet  connected  to  low-speed  engines  when  higli  lift» 

-'IP-:,  and 
-     ■-    :  lew  cannot  be  ellieiently  regulated  for  wide  rano1" 
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a.  413.      Centrifugal     Pump   Characteristic    for   Hydraulic    Elevator    Service,    Bnilc* 
Feeding,  etc. 
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Fio.  117,      Performance  of  Two-s(uki>  Lea-Degen  Coiitrifugal  Pump. 
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S3.  Performance  of  Centrifugal  Pumps.  —  For  best  efficiency  a  cen- 
ugal  pump  must  be  properly  designed  for  the  intended  service  as 
curvature  of  vanes,  diameter  and  speed  of  impeller,  and  number  of 
ges.  Figs.  413  to  415  are  based  upon  experiments  with  De  Laval 
itrifugal  pumps.  When  a  practically  uniform  head  is  required  at 
lstant  speed  with  varying  water  supply  as  in  city  water  works,  hydrau- 
elevator  systems  or  boiler  feeding,  the  impeller  vanes  are  designed 
give  the  characteristic  curve  illustrated  in  Fig.  413  which  protects 
:  motor  from  possible  overload. 
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Fig.  418.     Characteristic  Curves  of  8-inch  Kerr  Centrifugal  Pump  for  Low  Heads 
and  Steam  Turbine  Speeds. 

n  dry-dock  and  other  variable-head  work,  in  order  not  to  overload 
motor,  the  power  should  be  practically  constant  through  wide 
iations  of  head  and  at  the  same  time  the  efficiency  should  not  vary 
ously.  A  desirable  characteristic  for  such  a  pump  is  illustrated 
Hg.  414. 

n  water-supply  systems  in  which  the  friction  of  the  piping  is  a  large 
t  of  the  total  head  at  full  delivery,  the  characteristic  shown  in  Fig.  415 
■specially  useful.  Thus,  when  the  system  reduces  its  demand  for 
er  and  the  frictional  head  is  consequently  considerably  reduced, 
pump  would  automatically  adjust  itself  to  the  reduced  head  without 
nge  of  speed.  Figs.  416  to  419  are  based  upon  experiment  and  show 
relationship  between  speed,  head,  capacity,  efficiency  and  power 
sumption  of  various  types  of  pumps. 

'he  curves  in  Fig.  418  are  of  interest  in  that  they  show  the  charac- 
stic  of  a  centrifugal  pump  operating  at  low  heads  for  very  high 
itive  speed. 
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102  to  104  give  the  capacity,  speed,  head  and  power  require- 
r  commercial  sizes  of  centrifugal  pumps,  and  may  be  used  as 
1  selecting  the  size  of  pump  for  general  service. 
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TABLE  103. 

PERTAINING  TO  WORTHINGTON  MULTI-STAGE  TURBINE  POMPS. 


if 

I1 

Total  Head  in  F«t.  R.P.M.,  Number  o(  Stwres. 

£ 

100  Ft. 

200  Ft. 

300  Ft. 

400  Ft. 

K 

2000 
1500 
1300 
1200 
1100 
950 
800 
750 
600 
500 

Is 

2 
2 
2 
2 
2 
2 
1 
1 
1 

a" 

11 

Jl 

a. 

« 

P 

30 

45-60 
75-100 
125-150 
200-250 
350  -4J0 
600-700 
800-1000 
1 500-1800 
2500-2800 

0.02 

0.0395 

0-0625 

0.095 

0.134 

0.222 

0.297 

0.398 

0.643 

1.00 

2000 
1800 
1600 
1400 
1200 
1300 
1200 
1000 
SOO 

3 
3 

3 
3 
3 
2 
2 
2 
2 

1500 
1300 
1200 
1000 
1150 
1000 
800 
700 

4 
4 

4 
1 
3 
3 

3 

1050 
950 
780 
(170 

5 
5 

5 

4 
4 
4 

638 
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TABLE  104. 

CAPACITIES,  HEADS  AND  SPEEDS  OF  MgEWEN  BROS.  PUMPS 

Doabfe  Suction  Hot*tll  Pnzqa. 


spttea. 

Banc*  of 

Staft. 

Head. 

links  H.p. 

Pipe  Valocatia, 
Ft.  parte. 

ties,  Gal.  par  ftia. 

In. 
3 

3600 
3200 
2800 

125-  160 
110-  145 
100-  120 

Ft. 
60-60 

45-35 
3^30 

4.5-  4.7 
3.2-3.5 
2.4-  2.5 

5.7-  7.2 
5.0-6.1 
4.5-  5.4 

4 

3600 
3200 
2800 

250-325 
225-300 
200-250 

60-50 
45-35 
35-30 

8.1-  8.75 
5.7-  6.2 
4.1-  4.3 

6.4-  8.3 
5.8-  7.7 
5.1-  6.4 

5 

3600 
3200 
2800 

450-600 
400-550 
350-500 

85-70 
65-55 
50-10 

20    -22 

14    -16 

9.7-11 

7.4-  9.8 
6.6-  9.0 
5.8-  8.2 

6 

3600 
3200 
2800 

700-1000 
650-900 
600-800 

• 

85-70 
65-55 
50-10 

30    -36 
23    -27 
16    -18 

8   -11.4 
7.4-10.2 
6.8-  9.1 

Turbine  Pumps:  Cassier'fl  Mag.,  April  12,  1911;  Engng,,  Jan.  26,  1912;  Eag. 
Rec.,  June  15,  1912. 

334.  Rotary  Pumps.  —  Rotary  pumps  are  often  used  for  circulating 
cooling  water  in  condenser  installations,  and  give  about  the  same  effi- 
ciency as  centrifugal  pumps  under  similar  conditions  of  operation. 
For  moderate  pressure  and  large  volumes  they  offer  the  advantage  of 
low  rotative  speed,  thus  permitting  direct  connection  to  slow-speed 
steam  engines.  At  high  speeds  they  are  noisy,  due  chiefly  to  the  gear- 
ing. They  occupy  considerably  less  space  than  piston  pumps  of  the 
same  capacity,  but  require  more  room  than  the  centrifugal  type. 

Fig.  420  shows  a  section  through  a  two-lobe  cycloidal  pump.  The 
shafts  are  connected  by  wheel  gearing,  the  power  being  applied  to  one 
of  the  shafts.  The  water  is  drawn  in  at  /  and  forced  out  at  0,  the 
displacement  per  revolution  being  equal  to  four  times  the  volume  of 
chamber  A.  There  is  no  rubbing  between  impellers  and  casing.  In 
liik  type  of  pump  the  pressure  is  independent  of  the  speed  of  rotation, 
£  the  capacity  varies  almost  directly  with  the  speed.     The  slip  varies 

to  20  per  cent  according  to  the  discharge  pressure. 

Fit  421  shows  a  section  through  a  rotary  pump  with  movable  but- 

c.  422  illustrates  the  performance  of  a  45-mm.  Siemens- 

h**  rxaury  pump  at  different  speeds  and  discharge  pressures. 

c  Dtut.  Ing.,  June  24,  1905,  p.  1040.)    Large  rotary  pomps 
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give  much  higher  efficiencies,  but  the  general  characteristics  are  abort 
the  same.  A  combined  efficiency  of  pump  and  engine  as  high  as  U  pet 
cent  has  been  recorded. 
(Trans.  A.S.M.E.,  U 
24,  p.  385.) 

335.  CtrcuUtlniPnniffc 
—  This  term  is  ordinarily 
applied  to  the  pump 
which  supply  injection 
water  to  the  condenser. 
Three  types  are  found 
in  practice:  the  pistol, 
the  centrifugal,  anil  the 
rotary  pump.  Figs.  296 
and  309  show  the  appli- 
cation of  reciprocating 
pumps  to  condenser 
stallations  and  Figs.  311 
and  313  a  similar  applica- 
tion of  centrifugal  pump* 
For  large  volumes  of 
water  and  low  heads  the 
centrifugal  or  rotarj 
pump  is  generally  adopt- 
ed on  account  of 
mum  space  requirements 
and  low  first  cost. 

In  very  large  cental 
stations  where  the  de- 
mand  for    circulating 
water  is  enormous  nndthe 
lift   is  moderately  high. 
the   high-duty  pumping  1 
engine  is  sometimes  in-   I 
stalled.    Fig.  423  shows 
a  section  through  one  of 
the  nine  high-duty  orcu-    : 
lating  pumps  at  the  V*   i 
York   Rapid  Transit 
Company's  power  house. 
jv^m  rod  is  operated  Ity  Corliss  cylinders  and  is  of  the  ere* 
-  .  -j*l  — ?*-    The  maximum  capacity  is  10,000,000  gallons  per  dlj 


gainst  a  head  of  50  feet  at  mean  low  water.     The  actual 
less  than  this,  as  the  discharge  is  aided  by  the  vacuum  in 


ril  rumps.  —  In  surface-condenser  practice  the  condensed 
■n  handled  by  a  small  independently  driven  pump  called 
ump.     The  piston  type  of  pump  is  being  rapidly  superseded 
line-driven    centrifugal 
connection.    The  water 
denser  hot-well  should 
pump  under  a  head  of 
ir  more,  if  convenient. 
on  the  suction  side  is 

the  pump  "eavitates" 

vapor  bound  and  is 
move  the  water.  The 
-er   the  pump  should 

with  a  check  valve 
rater  returning  to  the 

Centrifugal  hot- well 
dinarily  designed  with 
ction  and  vertical  dis- 
inimize  air  pockets  in 
These  pumps  are  ordi- 
,ed  without  automatic 
re  permitted  to  operate 
peed. 

ft.—  The  air  lift  is  a 
;ement  of  piping  where- 
,-  1r'  raised  by  means  of 
ir.  There  are  no  work- 
ed no  valves  are  em- 
t  to  regulate  the  supply 
jarticular  field  of  application  lies  in  pumping  water  from 

scattered  wells,  and  on  account  of  the  total  absence  of 
ts  it  is  peculiarly  adapted  to  handling  water  containing 
d  the  like.  The  device  consists  of  a  partially  submerged 
id  air  supply  variously  arranged  as  in  Fig.  425  (A)  to  (D). 
air  forced  into  the  water  pipe  at  or  near  the  bottom  de- 
onsity  of  the  column  and  the  difference  in  weight  between 
mn  of  water  IS  am!  t  he  air-water  column  A  causes  1  he  fluw. 
id  operation  of  this  device  depends  upon  the  ratio  of  the 
mersion  B  to  the  total  head  C. 


Fia.  424.     The  Pulaometer. 


The  quantity  of  air  necessary  to  operate  an  air  lift  may  be  cli 
approximated  from  tbe  equation  (see  Prac.  Engr.  U.  S.,  April  1, 1 
p.  354) 


=  cubic  feet  of  free  air  per  gallon, 

=  actual  submergence  in  feet, 

=  coefficient  determined  from  experiment. 


""(6j         ~~io  jpr 

Fm.  i'li>.     IiilTi'P'nl  Arriuigr'iiM-nl  of  the  "Air  Lift." 

The  actual  submergence  S  may  be  determined  from  the  relation 


S  = 


: 


L  =  actual  lift  in  feet  (.4,  Fig.  425), 
S„  =  submergence,  percentage  (100-^,  Fig.  425), 


The  coefficient  C  may  be  approximated  as  follows: 

C  =-255-  0.1  L.  (! 

For  the  air  pressure  required  for  any  lift  and  any  percentage  of I 
mergence  it  is  convenient  to  divide  the  actual  submergence  in  fM 
2  to  get  the  gauge  pressure  in  pounds.     This  gives  enough  presur 
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of  that  due  to  water  head  to  allow  for  the  pipe  friction  and  other 


t  efficiency  ("water"  horse  power  divided  by  "air"  horse  power) 

from  30  to  50  per  cent,  increasing  as  the  ratio  •„  increases  from 

d  0.85.  (Engineer,  XT.  S.,  Aug.  15,  1904,  p.  564.)  A  number  of 
jives  efficiencies  ("water"  horse  power  divided  by  i.h.p.  of  steam 
er)  varying  from  20  to  40  per  cent.  The  horse  power  required 
lpress  one  cubic  foot  of  free  air  to  different  pressures  per  square 
is  determined  from  actual  practice,  is  approximately  as  follows: 


Pressure  ia 
Pounds. 

Horse  Power 
Required  to 

Compress 
1  Cubic  Foot. 

Pressure  in 
Pounds. 

Horse  Power 

Required  to 

Compress 

1  Cubic  Foot. 

176 

140 

100 

80 

0.434 
0.376 
0.201 
0.189 

60 
45 
30 

0.159 
0.145 
0.121 

r.,  Lond.,  Aug.  14, 1903,  p.  174,  Dec.  11, 1903,  p.  568,  Feb.  12, 1904,  p.  172.) 

en  it  becomes  necessary  to  raise  water  to  a  height  exceeding  say 
et  above  the  level  in  the  well,  it  is  customary  to  use  two  or  more 
s,  the  total  lift  being  divided  between  them. 

Lift:  Eng.  and  Contr.,  Feb.  14,  1912;  Bulletin  No.  450,  Univ.  of  Wis.;  Prac. 
April  1,  1912;  Power,  May  21,  1912. 

ometer:  Tech.  Quar.,  Sept.,  1901;  Public  Works,  Aug.  15,  1904;  Engr.  U.  S., 
>,  1904;   Experimental  Eng.,  Carpenter,  p.  621;   Thermodynamics,  Wood, 
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338.  Live-steam  Separators.    General. — The  function  of  a  steam 
rator  is  the  removal  of  entrained  water  from  steam. 

Unless  a  boiler  is  liberally  provided  with  superheating  surface, 
steam  may  contain  an  amount  of  moisture  varying  from  0.3  to  5 
cent.     If  the  boiler  is  poorly  proportioned  or  forced  far  above  its  ratii 
this  percentage  may  be  greatly  increased.     The  quality  of  the 
is  still  further  reduced  by  condensation  in  the  steam  pipe,  which 
vary  from  1  to  10  per  cent,  depending  upon  the  length  of  pipe 
efficiency  of  covering. 

One  of  the  effects  of  moisture  in  steam  is  to  increase  its  density 
reduce  its  elastic  force.     It  also1  increases  its  conductivity,  so 
during  the  work  of  expansion  more  heat  is  absorbed  from  the  walbi 
the  cylinder  and  discharged  into  the  atmosphere  or  into  the  conde 
without  doing  useful  work.     (Ewing,  "The  Steam  Engine,"  p.  151 
Although  the  heat  loss  from  this  cause  is  small,  the  danger  arising  fr 
the  introduction  of  a  considerable  amount  of  water  in  the  cyl 
renders  the  removal  of  the  moisture  necessary.     See  par.  193  for 
fluence  of  moisture  on  steam  consumption. 

The  essentials  of  a  good  separator  are  high  efficiency  as  a 
eliminator,  ample  storage  capacity  for  any  sudden  influx  of 
simplicity  and  durability  in  construction,  and  small  resistance  to 
current  of  steam  passing  through.     A  good  separator  may  be 
upon  to  remove  practically  all  of  the  moisture  from  steam  conto 
under  ten  per  cent  entrainment  and  all  but  two  per  cent  from 
containing  as  much  as  twenty  per  cent.     (Engineer,  U.  S.,  Jan. 
1904.) 

Table  10")  gives  the  results  of  a  series  of  tests  made  by  Professor R' 
Carpenter  in  1  SO  1  of  six  steam  separators.     (Power,  July,  1891,  p. 
Conclusions  from  these  tests  were: 

1.  That  no  relation  existed  between  the  volume  of  the  several 
rators  and  their  efficiency. 

2.  Xo  marked  decrease  in  pressure  was  shown  by  any  of  the 
tors,  the  most  being  1.7  pounds  by  separator  E. 
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3.  Although  changed  direction,  reduced  velocity,  and  perhaps  cen- 
ifugal  force  are  necessary  for  good  separation,  still  some  means  must 
provided  to  lead  the  water  out  of  the  current  of  the  steam. 

A  series  of  tests  made  at  Armour  Institute  of  Technology  in  1905  or 

lumber  of  separators  showed  that  the  efficiency  of  separation  decreased 

the  velocity  of  the  steam  increased*    At  the  low  velocity  of  500  feet 

:  minute  all  separators  were  equally  efficient,  at  a  velocity  of  5000 

t  per  minute  several  had  little  effect  on  eliminating  the  moisture 

sent,  and  at  a  velocity  of  8000  feet  per  minute  only  one  gave  efficient 

lilts. 

TABLE  105. 

TESTS  OF  8TEAM  SEPARATORS. 
(R.  C.  Carpenter.) 


Make  of 


Test  with  Steam  of  about  10 

Per  Cent  of  Moisture. 

Quality  of 
Steam 

Quality  of 
Steam 

Efficiency. 

Before. 

After. 

PerCent. 

Per  Cent. 

PerCent. 

87.0 

98.8 

90.8 

90.1 

98.0 

80.0 

89.6 

95.8 

59.6 

90.6 

93.7 

33.0 

88.4 

90.2 

15.5 

88.9 

92.1 

28.8 

Tests  with  Varying  Moisture. 


Quality  of 
Steam  Before. 


Per  Cent. 

66.1-97.5 

51.9-98 

72.^-96. 1 

67.1-96.8 

68.6-98.1 

70.4-97.7 


Quality  of 
Steam  After. 


Per  Cent. 

97 . 8-99 

97.9-99.1 

95.5-98.2 

93.7-98.4 

79.3-98.5 

84.1-97.9 


Average 
Efficiency 


Per  Cent. 
,87.6 
76.4 
71.7 
63.4 
36.9 
28.4 


Classification  of  Separators.  —  Separators  are  based  on  one  or 
>re  of  the  following  principles  of  action: 

1.  Reverse  current.  The  direction  of  the  flow  is  abruptly  changed, 
ually  through  180  degrees.  This  causes  the  water  in  the  steam,  on 
count  of  its  greater  specific  gravity,  to  be  thrown  into  a  receiving 
Bsel,  while  the  steam  passes  on  in  a  reverse  direction. 

2.  Centrifugal  force.  A  rotary  motion  is  imparted  to  the  steam 
aereby  entrained  water  particles  are  eliminated  by  centrifugal  force. 

3.  Baffle  plates.  The  flow  is  interrupted  by  corrugated  or  fluted 
fctes  to  the  surfaces  of  which  the  water  particles  adhere  and  from 
*ich  they  fall  by  gravity  to  the  well  below. 

4.  Mesh.  The  separation  is  brought  about  by  mechanical  filtration 
rough  screens  or  meshes. 

The  following  outline  shows  the  classification  of  typical  separatorsr 
accordance  with  the  above  principles: 

*  See  Power,  May  11,  1909,  p.  834. 
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Live-steam  separators 


Exhaust-steam  separators 
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Reverse  current j  g^^1^4 

{Keystone,  Fig. 
Mosher. 
Robertson. 

f  Bundy,  Fig.  4! 

Baffle  plate \  Austin,  Fig.  4J 

[  Detroit. 

Mesh  \  £*"**'  **  * 

iMesn ]  Potter. 

(  Jacketed  baffle Baum,  Fig.  4' 

(  Absorption Loew,  Fig.  43 


340.  Reverse-current  Steam  Separators.  —  Fig.  426  shows  a  s 
through  a  Hoppes  steam  separator  and  illustrates  the  princ: 

reverse-current  separation.  Steai 
flow  through  in  either  direction, 
the  inlet  and  outlet  ports  are  sum 
by  gutters  C,  C,  partly  filled  with 
which  intercept  the  moisture  fo! 
the  surface  of  the  pipe,  while  the 
ward  plunge  of  the  steam  thro 
entrained  water  to  the  bottom 
separator.  The  condensation  is 
from  the  troughs  by  pipe  P  to  t! 
below,  from  which  it  is  trapped  i 
the  usual  way.  The  velocity  of  thi 
in  passing  through  this  separator  is 
reduced  to  prevent  the  steam  from 
up  the  water  in  the  bottom  of  tl 
This  is  brought  about  by  increas 
area  of  the  passage  through  the  sej 
Fig.  427  gives  a  sectional  view  of  a  Stratton  separator,  wrhich, 
primarily  of  the  reverse-current  type,  embodies  also  the  prin 
centrifugal  force.  The  separator  consists  of  a  vertical  cast-iron  ( 
with  an  internal  central  pipe  C  extending  from  the  top  downw 
about  half  the  height  of  the  apparatus,  leaving  an  annular  sp 
tween  the  two.  The  current  of  steam  on  entering  is  deflect* 
curved  partition  and  thrown  tangent ially  to  the  annular  space 
side,  near  the  top  of  the  apparatus.  It  is  thus  whirled  around 
the  velocity  of  influx,  producing  the  centrifugal  action  which 
the  particles  of  water  against  the  outer  cylinder.  These  adhen 
surface,  so  that  the  water  runs  down  continuouslv  in  a  thin  sheet 
the  outer  shell  into  the  receptacle  below.  The  steam,  followi 
spiral  course  to  the  bottom  of  the  internal  pipe,  abruptly  enters 


Fits.  420.     Hoppes  Steam  Sepa- 
rator. 
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s  upward  and  out  of  the  separator  without  having  once  crossed 
it  ream  of  separated  water.  The  rapid  rotation  of  the  current  of 
a  imparts  a  whirling  motion  to  the  separated  water  which  tends  to 
fere  with  its  proper  discharge  from  the  apparatus.  The  separator 
.herefore  been  provided  with  wings  or  ribs  E  projecting  at  an  acute 
:  to  the  course  of  the  current,  which  have  the  effect  of  breaking  up 
whirling  motion  and  allowing  the  water  to  settle  quietly  at  the 
>m,  whence  it  passes  off  through  the  drain  pipe  D... 


a.  427.     Stratton  Steam  Separate 


Fio.  428.     Keystone  Steam  Scpai 


;.  Centrifugal  Steam  Separators.  —  Fig.  428  shows  a  section  through 
;ystone  or  Simpson's  centrifugal  separator.  The  separator  consists 
castriron  cylinder  with  vertical  pipe  C  extending  downward  about 
thirds  of  the  whole  length;  this  pipe  has  a  thread  or  screw  wound 
Jly  around  it,  the  space  between  the  threads  being  somewhat 
ter  than  the  area  of  the  steam  pipe.  The  steam  passing  around 
ipiral  course  causes  the  water  to  be  thrown  against  the  outer  walls 
mtrifugal  force,  while  the  dry  steam  passes  through  the  small  holes 
ie  central  pipe.  The  water  passes  down  the  outer  walls,  where  its 
on  is  arrested  by  obstructing  ribs  E,  and  is  thence  carried  away  by 
p  pipe  D  to  a  suitable  drain, 


Flo. 429.   BvnOj  Stam    ) 
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SK.  MM*  Mom  asanas***.—  Fig.    42»    gms    am  i 
twit  of  ft  Bandy  separator  and  iQoatrata  the  3 
Cor  I 

1  of  »  1 
cylindrical  n 


reception  of  entrained  water.    The  p 
vertical  e 

channel  which  leads  directly  to  the  r 
fronts  of  the  r^tra  are  flat,  with,  a  series,  of  n 

Q  doping  inwards  and  downraxoB.  Trrmhiilini 
opening  of  capillary  ut  leading  to  the  mam  1 
The  plates  are  staggered,  so  Oat  tie  stem 
impinge  Against  all  of  them  in  its  passage 
-  particles  of  water  adhefe  to  the  plates,  eo&e 
'  fall  by  gravity  into  the  receiver!  The  flange 
bottom  constrict  the  opening,  of  the  *mm 
to  prevent  the  steam  from  picking  up  any  portion  of  the  water. 
Fig.  430  shows  a  section  through  an  Austin  separator  and  ilk 
another  class  embodying  the  fluted  baffle- 
plate  principle.  The  steam  in  passing 
through  the  chamber  impinges  against  the 
fluted  baffle  plate  B.  The  moisture  adheres 
to  the  surfaces,  collects  and  trickles  along 
the  corrugations  to  the  bottom  of  the  well. 
These  corrugations  are  formed  in  such  a 
manner  that  the  steam  cannot  come  in  con- 
tact with  the  water  particles  after  they  have 
been  once  eliminated.  A  perforated  dia-  ' 
phragm  I)  prevents  the  water  in  the  well 
from  coming  in  contact  with  the  steam.  The 
current,  of  steam  is  also  reversed,  thus  giving 
additional  separating  properties  to  the  appa-  | 
ratiis. 
34.1.  Mesh  Separators.  —  Fig.  431  shows  a 

Hcction  through  a  "direct"  separator,  illus-  1 

Lniting  tin;  principle  of  mesh   separation. 

These  separators  are  made  with  steel  bodies 

mid  cast-iron  heads  and  bases,  in  all  sizes    Fio.  430.    Austin  s« 

up  l,u  six   inches  inclusive,  the  larger  sizes 

being  constructed  of  cast  iron  or  (toiler  plate. 


The 


In 


H. 


tic  cone  C,  pi 

nd  diaphragm  »S  are  made  of  cold-rolled  copper;  th 
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itial  gray-iron  casting,  resting  on  three  cast-iron  supports 
rthe  top  of  inner  pipe  be  indicated.    The  method  of  operation 
s:  The  accumulated  moisture  around  the  walls  of  the  steam 
;ht  by  the  upper  edge  of  cone  C 
I  down  back  of  lining  E  to  the 
ul>er.     The    current   of   steam 
e  separator  impinges  upon  the 
'ace,  which  is  composed  of  solid 
ered  with  sieve  S,  through  which 

freely  pass  but  from  which  it 
dily  escape.  Passing  through 
id  depositing  on  the  solid  surface 

0,  this  water  is  carried  by  con- 
to  the  water  chamber.  Perfo- 
;  E  penaits  the  moisture  content 
n  to  pass  through  the  opening 
er  below  and  prevents  it  from 
contact  again  with  the  current 

A  trough  is  provided  at  the 
of  the  inverted  cup  which  leads 
it  that  may  adhere  to  it  to  the 
iber.  The  steam  flows  through 
te  indicated  by  arrows  and  is 
a  a  whipsnapping  action  which 
brow  off  any  remaining  mois- 

perforated   plate   D   prevents  ^ 

from  picking  water  out  of  the  sepora 

ilier. 

Hon.  —  Live-steam  separators  may  be  located 
I  the  boiler, 
3en  boiler  and  engine, 
e  steam  chest, 
le  steam  pipe  is  very  short,  and  particularly  in  marine  and 

work  where  the  tossing  of  the  boiler  induces  excessive 
B  separator  may  be  placed  inside  the  boiler  and  its  function 
at  of  a  dry  pipe.      In  this  location  it  prevents  the  water  due 

and  priming  from  passing  to  the  engine,  and  reduces  con- 
n  the  pipe  by  supplying  dry  steam.  The  "Potter  mesh" 
>e  Rycke  centrifugal"  are  types  of  separators  designed  for 

ment  of  separator  between  engine  and  boiler,  other  t 
e  or  inside  the  boiler,  is  sometimes  necessary  for  ecoi 
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of  space.     Where  possible,  however,  the  separator  should  be  placed 
close  to  the  steam  chest. 

Current  practice  recommends  that  a  receiver  separator,  which  is  an 
ordinary  separator  with  a  volume  of  two  to  four  times  that  of  the 
high-pressure  cylinder,  be  placed  close  to  the  engine  if  the  load  is  in- 
termittent or  sharply  fluctuating.  This  forms  a  cushion  for  absorb- 
ing the  force  of  the  blows  caused  by  cut-off,  delivers  steam  at  a  prae* 
tically  uniform  pressure,  and  reduces  the  vibration  of  the  piping  to  ft 
minimum.  It  also  provides  a  reservoir  for  sudden  demands  made  by 
the  engine.  Smaller  pipes  and  higher  velocities  may  be  used  with  this 
arrangement. 

345.  Exhaust-steam  Separators  and  Oil  Eliminators.  —  The  functioi 
of  an  exhaust-steam  separator  is  the  removal  of  cylinder  oil  from  the 
steam  exhausted  by  engines  and  pumps.  In  plants  where  exhaust 
steam  is  used  for  heating  it  is  quite  essential  to  remove  the  oil  from 
the  steam  before  it  enters  the  heating  system,  for  the  oil  not  only  re- 
duces the  efficiency  of  the  radiators  by  coating  them  with  an  excellent 
non-conducting  film  but  is  an  element  of  danger  to  the  boiler  itself. 
In  condensing  plants  the  separator  will  prevent  the  oil  from  fouling 
the  condenser  tubes  and  those  of  the  vacuum  heater  if  one  is  installed; 
this  is  an  important  factor,  since  the  oil  or  grease  lowers  the  efficiency 
of  the  heat  transmission. 

In  a  general  sense  a  live-steam  separator  is  also  an  oil  eliminator,  and 
all  the  separators  previously  described  perform  this  function  to  a  cer- 
tain extent,  since  the  underlying  principles  governing  the  elimination 
of  oil  from  exhaust  steam  are  similar  to  those  employed  in  removing 
water  from  steam.  Most  of  the  separators  described  above  are  also 
designed  in  lighter  form,  as  oil  eliminators,  but  by  far  the  greater 
number  are  based  on  the  fluted  baffle-plate  principle,  of  which  the  Hine, 
Bundy,  Cochrane,  Utility,  Peerless,  and  Keiley  are  well-known  ex- 
amples. This  type  of  oil  separator  will  eliminate  a  considerable  portion 
of  the  oil  in  the  steam,  provided  the  baffle  plates  or  corrugated  surfaces 
are  frequently  cleaned. 

The  following  is  taken  from  the  report  of  Professor  R.  Burnham  of 
•iit*  Armour  Institute  of  Technology  on  the  test  of  a  six-inch  horizontal 
ill  -stfsarator  of  the  baffle-plate  type: 

•?t  purposes  of  test  the  separator  was  placed  in  the  exhaust  line 
t   .  i  \  IS  X  24  cross-compound  Corliss  engine  running  under  itsmaxi- 
■y-jr.    *.f:u:-  it  SO  pounds  pressure  and  exhausting  into  a  Wheeler  sur- 
_, -»    -'r.«-:e!i5er  against  20  inches  vacuum. 

"  -issier  oil  was  fed  through  the  lubricators  of  the  high  and  low 
*-*im:er  at  tin4  rate  of  from  f>  to  20  drops  per  minute,  a  record 
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ie  of  the  exact  quantity  of  oil  fed  per  hour.  The  separator 
anged,  by  means  of  a  receiver  connected  to  the  air  pump,  that 
mlation  of  oil  and  water  could  be  readily  trapped  from  it  at 
In  order  to  determine  the  quantity  of  oil  given  up  by  the 
,  and  not  properly  charged  against  the  separator,  each  series 
cy  tests  was  preceded  by  a  run  of  three  hours  during  which 
il  whatever  was  fed  to  the  cylinders.  During  the  last  hour  a 
s  made  of  the  weight  of  steam  used  and  a  sample  of  the  con- 
charge  retained  for  analysis. 

efficiency  tests  were  made  by  feeding  at  an  excessive  rate 
ie  lubricators  as  described  above,  and  when  conditions  became 
i  constant,  records  were  made  for  one  hour  of  the  weight  of 
reight  of  condensed  steam,  and  drain  from  separator.  Samples 
>  latter  were  retained  for  analysis  and  the  percentage  of  oil  in 
irately  determined,  correction  being  made  for  the  oil  given  up 
•ndenser.  A  second  series  of  tests  was  made  exhausting  at 
ric  pressure.     The  results  obtained  are  tabulated  below. 


ensed  steam  with  no  oil  feeding. 

to  condenser.)    Pounds  per  hour 

:y Under,  pounds  per  hour 

iensed  per  hour,  pounds 

by  separator,  per  hour,  pounds  A 
ensed  steam  (corrected),  pounds 
. B 

of  oil  in  condensed  steam  by 
>er  cent 

)f  separator,  percent  -. — : — 77    ... 

-4    T    '■» 


Exhausting  into 
26-inch  Vacuum. 


.051  .057  .0559 

.401  .562  .934 

1000.  1120  1096 

.341  .450  .743 

.009  .010  .0096 

.0009  .001   .00088 

97.4  97.8    98.8 


Exhausting  at 

Atmospheric 

Pressure. 


0353 
621 
905 
552 


.0340 
.710 
872 
.583 


.0071   .0050 

.00078  .00057 
98.7    99.1 


was  practically  no  free  oil  on  the  surface  of  the  condenser 
in  any  case,  the  small  quantity  of  oil  which  passed  the  separa- 
5  to  10  parts  in  a  million  of  water  by  weight)  existing  as  an 
imparting  a  slight  milky  color  to  the  water." 
veil-established  fact  that  oil  can  be  more  effectually  removed 
than  from  dry  steam,  and  some  makers,  notably  the  Austin 
Company,  inject  a  cold-water  spray  into  the  separator  cham- 
milar  result  is  brought  about  in  the  Baum  separator,  Fig.  432, 
the  corrugated  baffle  plate  is  hollow  and  cold  water  is  forced 
ie  chamber  thus  formed.  Referring  to  Fig.  432:  Thediven 
e  forms  the  wall  of  a  chamber  in  which  cold  water  is  • 
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tinually  circulated.     This  circulation  causes  moisture  to  appear  c 
baffle-plate  surface.     The  particles  of  oil,  coming  in  contact  wit 
moist  surface  as  the  steam  current  is  diverged,  adhere  to  it  sr 
by  gravity  into  the  well  below,  where  they  are  completely  isolate; 
the  purified  steam.     A  large  portion  of  the  oil  and  water,  howeva 
not  enter  the  separator  at  all  but  is  i 
by  the  inside  ledge  near  the  jund 
the  exhaust  pipe  and  the  separator 
oil  and  condensation  which  are  ■ 
along  the  bottom  of  the  pipe  or 
contact  with  this  ledge  and  are 
directly  to  the  outlet  pipe. 

A  very  successful  method  of  rei 
oil  from  steam  is  to  project  the  stt 
to  the  surface  of  a  body  of  water 
water  may  be  hot  or  cold  and  wi 
the  oil  if  it  once  reaches  the  surface 
essential,  however,  to  reduce  the  x 
of  the  steam  as  it  passes  on  its  < 
the  outlet.    Baldwin's  grease  sepa 
based  upon  this  principle.     (Bald 
Heating,  p.  234.) 

The  most  efficient  method  of  re 
oil  is  by  combined  filtration  and 
tion.     (Engineering  Xews,  May  2 
p.   4(Xi.  I     A    large    chamber   filk 
coke,  brick,  broken  tile,  or  other 
tion  material  is  placed  in  series  m 
exhaust  pipe.    The  steam  passing ' 
t'ri*  chamber  is  entirely  freed  from  oil  and  moisture,  provided 
s/:Vmg  material  is  sufficient  in  quantity  and  is  replenished  as  so 
S:-v:nes  saturated   with   oil.     The  annoyance  attending  the  i 
-,-.:.  replenishing  of  the  absorbing  material  at  frequent  interv 
~i  rrcal  size  of  the  apparatus  are  serious  drawbacks.     An  exa 
•  -  -  *:<in  of  purificatiini  in  which  many  of  the  objectionable 
.—  -  ■■  :;i\l  to  a  minimum  is  the  I.oew  grease  and  oil  extractor,  I 
—  -■    w.\;st  steam  enters  the  chamber  at  the  top,  strikes  a  1; 
........   -L_..;o  shaped  like  an  inverted  V,  and  permits  part  of  t 

«'  ~  ■:  r.v\  oil  to  be  drawn  ..IT  by  the  drain  pipe.     The  stes 

-_    -  -.    -  ..Mk'i'ted.  as  indicated,  against  a  series  of  shelvt 

—    ™'it  -catena!  covered  with  euarse  wire  screens.      Thi 

— t*i.  zaa  each  shell'  by  suitable  drains.     This   nppai 
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tional  and  any  number  of  sections  may  be  added  without  affecting 

rest. 
In  a  non-condensing  plant  where  the.  exhaust  steam  is  used  for  heating 
the  oil  separator  is  ordinarily  placed  in  the  main  exhaust 
just  before  it  enters  the  heating  system.    Where  several  branches 
one  main  it  is  not  customary  to  place  a  separator  in  each  branch,, 
large  separator  located  as  above  being  sufficient. 
In  condensing  plants  oil  separators  are 
om  installed    except   where   surface 
ensers  are  used,  in  which  case  the 
ator  may  be  placed  anywhere  be- 
een  the  engine  and  condenser.    In  case 
vacuum  heater  is  used  the  separator 
.may  be  placed  on  either  side  of  the  heater, 
depending  upon  the  type  of  separator. 
if  the  separator  is  of  the  "jacket-cooling" 
<*r  "spray"  type,  it  may  be  placed  be- 
tween the  engine  and  the  vacuum  heater; 
if,  however,  it  is  of  the  "baffle-plate" 
type,  the  oil  will  be  more  efficiently  re- 
moved if  the  separator  is  placed  between 
tile  heater  and  condenser  so  that  it  will 
^  Set  the  benefit  of  the  moisture  formed  in 
the  heater.    In  the  latter  location,  how- 
ever, the  separator  will  not  prevent  the 
&*    Oil  from  fouling  the  heater  tubes. 

ft-  Where  a  jet  condenser  is  used  and  water  is  taken  from  the  hot  well,. 
pr  the  hot  well  itself  acts  as  an  oil  separator.  (Trans.  A.S.M.E.,  24- 
5     1144.) 

i.  All  separators,  steam  and  oil,  should  be  provided  with  gauge  glasses 
*k  and  should  be  thoroughly  drained  and  the  drainage  should  be  auto- 
*    tna-tic. 

346.  Exhaust  Heads.  —  The  function  of  the  exhaust  head  is  the  elimi- 
nation  of  oil  and  water  from  steam  exhaust  before  permitting  it  to  b& 
■  discharged  into  the  atmosphere.  Unless  removed,  the  water  and  oil 
*ot  the  roofs  and  walls  in  summer  and  pollute  the  atmosphere  sur- 
'  rounding  the  plant.  TLe  exhaust  head  also  acts  as  a  muffler  reducing 
the  noise  of  the  escaping  steam.  Exhaust  heads  are  built  on  the  same 
principle  as  steam  and  oil  separators  and  most  separator  builders  manu- 
facture them.  Fig.  434  shows  a  section  through  a  typical  exhaust  head. 
The  condensation  is  ordinarily  drained  to  waste,  though  with  proper 
purification  it  may  be  returned  to  the  boiler.     With  an  efficient  oil  sep 


Fig.  433.     Locw  Grease 
Extractor. 
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rater  in  the  exhaust  line  the  condensation  in  the  exhaust  head  nugrl 

returned  directly  to  the  boiler  with    r 
,  further  purification.  E 

Live-steam  separators  are  props  ' 
tioned  so  that  it  is  only  necesarj  : 
in  the  average  installation,  to  sped)  ", 
the  sise  of  pipe,  the  type  of  enrn  ] 
the  steam  pressure,  and  the  stjk, 
whether  horixbntal  or  verticil  * 
Gauge  glasses,  gauge  cocks,  and  eat  5 
pardon  flanges  are  usually  provios  ■ 
by  the  maker.  In  some  caan  th  ' 
capacity  of  the  reservoir  is  also  sgta  " 
fled.  In  specifying  oil  extractor!  tb  ' 
following  additional  data  are  sea*  ' 
sary  for  an  intelligent  choice:  ta*  ' 
number  of  engines  Bud  pumpi  o  * 
hausting  into  the  line,  the  Iocstkt  l 
of  the  separator,  the  steam  pram*,  ' 
velocity ,  and  the  quality  and  qoutim 
of  cylinder  oil  used.  A  guarantee  iw 
efficiency  and  of  material  and  wort- 1' 
manship  is  often  demanded.  I 


Fiu.  434.     A  Typical  Exhaust  Head. 


REFERENCES. 

Water  and  Oil  Separator*:   Am.  Elecn.,  Jan.,  1900. 

Sleam  Separators:  Am.  Elecn.,  June,  1905. 

"Dry  Steam":   Goubcrt  Mfg.  Co.,  85  Liberty  St.,  N.  Y.  (Catalogue). 

Cochrane  Separator:  Harrison  Safety  Boiler  Works,  Philadelphia,  Pa.  (Catalog*]. 

Bandy  Separator:   A.  A.  Griffin  Iron  Co.,  N.  Y.  (Catalogue). 

A  Bad  Cane  of  Discharge  Water  with  Steam  from  Water-Tube  Boilers:  Tnm 
A.S.M.E.,  Vol.  2d. 

Location  of  Steam  Separators:  Power,  Oct.,  1904. 

Condensing  Exhaust  Head:  Eng.  News,  Vol.  49,  p.  419;  Eng.  Rec.,  Vol  40, 
I>.  177. 

EijH-rimcntx  in  Separating  Oil  from  Condensed  Steam:  Eng.  Newa,  May  22, lOTi 
Eng.  Rec.,  April  27,  1901;  Engr.,  Lond.,  March  12,  1897,  Oct.  20,  1905;  font, 
Auk-  Se-pt .,  1890,  May,  1903;  Heating  and  Ventilation,  Feb.,  1897;  Trans.  ASJI.B, 
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Oil  ,Sc;*ir(i(nr.t:   Baldwin  on  Heating,  pp.  233-237. 

Oil  Separation  in  a  Combination  Engine  and  Turbine  Plant:   Power,  Oct,  1901 

Test  'if  ii  Cochrane  Steam  Separator:   Power,  April,  1898. 

Test  of  Lippincoti  Separator:   Engr.  U.  S.,  Aug.,  1902. 

Text  of  a  Linstrum  Steam  Separator:  Engr.  U.  S.,  June  15,  1904. 

Test  of  an  A  iisti'i  Sleam  and  OU  Separator:  Trans.  A.S.M.E.,  Vol.  20,  p.  48* 
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Test  of  a  Detroit  Live  Steam  Separator:  Engr.  U.  S.,  April  15,  1904;  Power,  Jan., 


Tests  of  Direct  Separators ,  Oil  and  Steam:  Direct  Separator  Co.,  Syracuse,  N.  Y. 
(Catalogue). 

Tests  of  Six  Steam  Separators:  Power,  July,  1891,  p.  9;  Engr.  News,  Vol.  26, 
j>.  233. 

Tests  of  a  "  Utility"  Oil  Eliminator:  Engr.  Rec.,  May  2,  1903;  Engr.  Rev.,  May, 
1903. 

The  Hot  Well  as  an  CHI  Extractor:  Trans.  A.S.M.E.,  24-1144. 

347.  Drips.  —  No  matter  how  thoroughly  a  steam  pipe  or  reservoir 
may  be  covered  with  insulating  material  considerable  condensation 
/takes  place.    With  the  best  covering  this  loss  approximates  one  sixth 

of  a  pound  of  steam  per  square  foot  of  pipe  surface  per  hour  for  steam 
pressures  of  one  hundred  pounds,  and  runs  as  high  as  one  pound  of 
steam  for  bare  pipes.  See  Table  113  for  results  of  experiments  on  the 
loss  of  heat  from  bare  pipes,  and  Table  114  for  data  on  the  efficiency 
of  pipe  coverings.  In  addition  to  this  water  of  condensation,  from  \ 
"to  2  per  cent  of  moisture  is  carried  over  by  the  steam  from  the  boiler. 
This  water,  unless  thoroughly  removed,  is  a  constant  source  of  danger 
t*>  the  engines  and  causes  water  hammer  and  leaky  joints  in  the  piping. 

A  joint  on  a  steam  pipe  may  safely  withstand  a  steam  pressure  of 
XOO  pounds  without  leaking  and  still  leak  badly  under  a  water  pressure 
of  half  that  amount.  This  is  due  to  the  fact  that  the  steam  with  its 
faigh  temperature  causes  the  pipe  to  expand,  thus  insuring  a  tight 
joint,  while  the  entrained  water  (which  cools  as  it  collects)  causes  the 
pipe  to  contract  and  allows  a  leak. 

The  entrained  water  and  water  of  condensation  are  usually  spoken  of 
«s  "  drips."  Drips  may  be  divided  into  two  classes,  low  pressure  and 
high  pressure. 

348.  Low-pressure  Drips.  —  Low-pressure  drips  include  the  steam 
condensed  in  heating  systems,  exhaust  steam  feed  heaters  of  the  close 
type,  exhaust  steam  piping,  receiver  barrels,  steam  chests,  and  exhaust 
heads.  As  these  drips  are  impregnated  with  oil  and  are  useless  for 
boiler  feed  without  purification,  they  are  usually  discharged  to  waste. 
Most  city  ordinances  require  the  drips  to  be  cooled  to  100  degrees  F. 
before  being  discharged  into  the  sewer.  In  this  case  they  must  be 
first  discharged  into  a  tank  and  permitted  to  cool.  This  tank  must  be 
vented  to  the  atmosphere  to  prevent  back  pressure.  Fig.  435  shows 
an  installation  in  which  the  heat  abstracted  from  the  drips,  etc.,  is 
used  to  heat  the  feed  water.  The  drips  from  the  throttle  valve  and 
steam  chest  in  a  non-condensing  plant  are  ordinarily  discharged  into 
the  exhaust  pipe  as  shown  in  Fig.  436.  In  a  condensing  plant  the 
throttle  drips  are  piped  to  a  trap  or  to  the  free  exhaust  pipe.    The  ra- 
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turns  from  a  steam-heating  system  are  sometimes  daasif 
pressure  drips.    They  are  invariably  returned  to  the  boiler. 


?M>  WJ*JMAM?Jm>. 


Fio.  435.    Closed  Heater  Installation  for  Abstracting  Heat  from  Oily  Drips. 

In  small  plants  all  the  low-pressure  drips  may  be  connected  to  one 
large  pipe  and  this  pipe  in  turn  to  a  single  trap,  provided  there  is  but 

little  difference  in  pressure  in  the  various 
drip  pipes.  In  case  of  different  pressures 
separate  leads  should  be  run  to  waste  or 
traps. 

The  drips  from  the  receiver  and 
vacuum  heater  barrels  in  a  condensing 
plant  are  oftentimes  under  less  than 
atmospheric  pressure,  and  sometimes 
the  pressure  varies  from  a  slight  vacuum 
to  10  or  20  pounds  gauge,  and  conse- 
quently cannot  be  disposed  of  as  de- 
scribed above.  If  possible,  the  hesten 
and  receivers  should  be  placed  so  as  to 
drain  into  the  condenser  (see  Fig.  449). 
Should  this  arrangement  prove  imprac- 
ticable, the  barrels  may  be  drained  by  i 
trap  especially  arranged  as  shown  in  Fig.  450. 

349.  Size  of  Pipe  for  Low-pressure  Drips.  —  In  the  average  exhaust- 
steam  feed-water  heater  one  pound  of  steam  in  condensing  gives  up 


Fig.  436.     Simple  Method  of 
Draining  Drips. 
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approximately  1000  heat  units.  This  will  heat  about  6  pounds  of  water 
from  60  to  200  degrees  F.  Hence  the  area  of  the  drip  which  carries 
the  water  of  condensation  from  the  closed  heater  need  be  but  one 
fifth  that  of  the  feed  pipe.  In  no  case,  however,  should  a  pipe  smaller 
than  one  half  inch  in  diameter  be  used.  Should  the  same  pipe  be  used 
for  both  exhaust  head  and  heater  drips,  an  area  of  one  fourth  area  of 
feed  pipe  would  prove  of  ample  capacity.  In  practice  it  is  customary 
to  use  the  size  of  pipe  conforming  with  the  outlet  furnished  by  the 
manufacturer  of  the  apparatus,  and  only  when  several  pieces  of  ap- 
paratus are  connected  to  one  main  are  calculations  made  for  the  size 
of  this  main. 

The  drip  pipe  from  the  throttle  valve  is  ordinarily  one  half  inch  in 
diameter  irrespective  of  the  size  of  steam  pipe;  this  is  also  true  of  the 
gteam-chest  drip. 

350.  High-pressure  Drips.  —  High-pressure  drips  consist  of  those 
which  are  condensed  under  practically  boiler  pressure  and  include  the 
steam  condensed  in  steam  pipes,  cylinder  jackets  of  engines,  reheating 
coils  of  receivers,  and  separators.  Being  free  from  oil  and  containing 
considerable  heat,  they  are  usually  returned  to  the  boiler.  Drips  may 
be  returned  to  the  boiler  automatically  by  means  of 

1.  Steam  traps. 

2.  Holly  steam  loop. 

3.  Pumps. 

351.  Classification  of  Steam  Traps.  — Steam  traps  may  be  divided 
into  two  classes,  depending  on  their  use,  —  return  and  non-return. 
Both  of  these. two  classes  may  be  subdivided  into  five  types  according 
to  the  principle  of  operation,  viz.  : 

I.   Float.  III.   Bowl. 

II.   Bucket.  IV.   Expansion. 

V.   Differential. 

Return  Traps. 

Traps  which  receive  the  condensed  steam  and  return  it  to  a  boiler 
having  considerably  higher  pressure  than  that  acting  on  the  returns 
are  known  as  return  traps.  They  are  made  in  a  great  variety  of  styles. 
The  general  principle  of  operation  is  shown  in  Fig.  446  and  described  in 
paragraph  356. 

Non-return  Traps. 

Non-return  traps,  as  the  name  implies,  are  used  where  the  water  of 
condensation  is  not  returned  to  the  boiler  but  is  discharged  into  any 
receptacle  having  less  than  boiler  pressure. 
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CLASSIFICATION  OF  A  FEW  WELL-KNOWN  STEAM  TRAP8. 


(Float . . 
Bucket 
Dump. 


Steam  Traps 


Expansion 


Differential 


{McDaniel. 
Cookson. 
SAcme. 
Albany. 
!Bundy. 
Morehead. 

(.,  .  .  (Columbia. 

Metal iGeipel. 
Volatile-Fluid....]^^ 

(Fiinn. 
(Siphon. 


352.  Float  Traps.  —  Fig.  437  shows  a  section  through  a  McDaniel 
improved  trap,  illustrating  the  principles  of  the  float  type.    A  hollow 


Fig.  437.     McDaniel  Float  Trap. 

sphere  C  of  seamless  copper  pivoted  at  E  rises  and  falls  with  the  change 
of  water  level  in  the  vessel.  The  discharge  valve  M  is  operated  by  the 
float.  When  the  trap  is  empty  the  float  is  in  its  lowest  position  and 
the  discharge  valve  is  closed.  Water  of  condensation  flows  into  the 
trap  by  gravity  through  opening  D  to  a  certain  depth,  when  the  float 
opens  the  discharge  valve  and  the  steam  pressure  acting  on  the  surface 
of  the  water  forces  it  through  outlet  S  to  tank  or  atmosphere.  After 
the  water  is  discharged  the  float  closes  the  valve  and  permits  the  con- 
densation to  collect  again.  A  gauge  glass  indicates  the  height  of  water 
in  the  chamber. 

Unless  float  traps  arc  well  made  and  proportioned  there  is  a  danger 
of  considerable  steam  leakage  through  the  discharge  valve,  due  to 
unequal  expansion  of  valve  and  seat  and  the  sticking  of  moving  parti 
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-charge  from  a  float  trap  is  usually  continuous,  since  the  height 
loat,  and  consequently  the  area  of  the  outlet,  is  proportional  to 
Dunt  of  water  present.  When  the  trap  is  working  lightly,  this 
lent  is  apt  to  throttle  the  area  and  create  such  a  high  velocity 
large  as  to  cause  a  rapid  wear  of  valve  and  seat.  This  defect  is 
•  less  evident  in  all  steam  traps  discharging  continuously.  For 
son  all  wearing  parts  should  be  accessible  and  readily  replaceable. 
Bucket  Traps.  —  Fig.  438  shows  a  section  through  an  "  Im- 
Acme"  steam  trap.  The  water  of  condensation  enters  the  cast- 
>sel  at  A,  filling  the  space  D  between  the  bucket  E  and  the  walls 


Fig.  438.     Acme  Bucket  Trap. 

rap.  This  causes  the  bucket  to  float  and  forces  valve  V  against 
(valve  V  and  its  stem  being  fastened  to  the  bucket  as  indicated), 
he  water  rises  above  the  edges  of  the  bucket  it  flows  into  it  and 
it  to  sink,  thereby  withdrawing  valve  V  from  its  seat.  This 
the  steam  pressure  acting  on  the  surface  of  the  water  in  the 
to  force  the  water  through  the  annular  space  H  to  discharge 
;  G.  When  the  bucket  is  emptied  it  rises  and  closes  valve  V 
Dther  cycle  begins.  By  closing  valve  R  the  trap  is  by-passed 
;  condensation  blows  directly  through  passage  C  to  discharge  G. 
charge  from  this  type  of  trap  is  intermittent. 
)ump  or  Bowl  Traps.  —  Fig.  439  shows  sections  through  a 
bowl  trap  of  the  "return"  type.     The  water  enters  the  bowl 
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through  trunnion  D  and  rises  until  its  weight  overbalances  count* 
weight  E  and  the  bowl  sinks  to  the  bottom.  As  the  bowl  sinks,  ai 
G,  which  is  a  part  of  the  bowl,  rises  and  engages  the  nuts  N  on  val 
stem  H  and  opens  valve  J,  thus  admitting  live  steam  pressure  on  to  ti 
surface  of  the  water.  The  trap  then  discharges  like  all  others.  Aft 
the  water  is  discharged  weight  E  sinks  and  raises  bowl  A,  which  in  tui 
closes  valve  J,  and  the  cycle  begins  again.  Bowl  traps  are  necessari 
intermittent  in  their  discharge. 


Fig.  439.     A  Typical  Tilting  Trap. 

Fig.  450  shows  the  application  of  a  bowl  trap  to  a  receiver  where  the 
drips  are  under  a  vacuum,  and  Fig.  451  a  similar  application  to  an 
engine  receiver  where  the  pressure  varies  from  less  than  atmospheric 
pressure  to  a  pressure  of  40  or  50  pounds. 

355.  Expansion  Traps.  —  Expansion  traps  may  be  divided  into  too 
groups: 

(1)  Those*  in  which  the  discharge  valve  is  operated  by  the  relative 
expansion  of  metals  and 

(2)  Those  in  which  the  action  of  a  volatile  fluid  is  utilized. 
Kxpansion  traps  will  never  freeze,  as  they  are  open  when  cold  and  all 

tin*  water  drains  out  before  the  freezing  temperature  is  reached. 

Since  traps  of  this  type  have  little  capacity  for  holding  wrater,  5  to 
10  feet  of  pipe  should  be  provided  between  the  trap  and  the  pipe  to  be 
•  I  rained  in  order  that  the  condensation  may  collect  and  cool. 

Fig.  1 10  shows  the  general  appearance  of  a  Columbia  expansion  trap 
i  i  which  the  valve  is  operated  by  the  expansion  of  metallic  tubes. 
Water  gravitates  to  the  trap  through  opening  marked  "inlet,"  passes 
1 1, rough  brass  pipe  O,  then  downward  to  the  main  body  of  the  valves 
and  back  to  outlet  valve  C.     Below  pipe  0  and  parallel  to  it  is  antra* 
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rod  S,  at  the  end  of  which  is  the  support  or  fulcrum  of  lever  R.  The 
lower  end  of  this  lever  is  connected  to  the  stem  of  the  valve  C,  so  that 
any  movement  of  the  lever  is  communicated  to  it.  When  the  trap  is 
cold,  valve  C  is  open  and  all  water  of  condensation  passes  out.  The 
moment  steam  enters  the  pipe  0  it  expands.  The  amount  of  expansion 
is  multiplied  several  times  by  the  action  of  the  lever  R,  so  that  the 


Outlet 


Fig.  440.     A  Typical  Expansion  Trap. 

movement  of  the  valve  is  much  greater  than  the  expansion  of  the  pipe  0. 
The  compensating  spring  D  prevents  the  brass  tube  from  damaging 
itself  by  excessive  expansion.  Lever  A  permits  the  trap  to  be  blown 
through  by  hand. 

Fig.  441  shows  a  section  through  a  Geipel  trap  in  which  the  valve 
is  operated  directly  by  the  expansion  of  two  metallic  tubes  and  the 


Fig.  441.     Geipcl  Expansion  Trap. 

movement  is  not  multiplied  by  levers  as  with  the  Columbia.  The 
lower  or  brass  pipe  constitutes  the  inlet  and  is  connected  to  the  vessel 
to  be  drained;  the  upper  or  iron  pipe  is  the  outlet  for  discharge.  The 
two  pipes  form  the  sides  of  an  isosceles  triangle,  the  base  F  of  which  is 
rigid,  while  the  apex  A  is  free  to  move  in  a  direction  at  right  angles  to 
the  linear  expansion  of  the  tubes.  When  cold,  the  brass  pipe  is  con- 
tracted and  the  apex,  in  which  the  valve  seat  is  placed,  is  moved  clown 
so  that  the  valve  is  open  and  the  water  is  discharged.  As  soon  as  steam 
enters  the  brass  pipe  the  latter  expands  and  forces  the  valve  seat  against 
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from  any  of  those  described  above.  The  requisite  movement 
ained  by  the  elongation  and  contraction  of  the  extremities  of  a 
MtalUo  tube  T  filled  with  a  highly  volatile  fluid.  This  tube  is 
=d  in  a  cast-iron  box  and  presses  against  the  point  of  regulating 
P.  The  other  extremity  of  the  tube  carries  the  valve  and  is  free 
ve  under  the  action  of  the  variations  of  temperature.  Spring  S 
i  QQBMOtiOD  «"ith  the  action  of  the  trap.  It  is  used  as  a  simple 
i  of  holding  one  end  of  the  expansion 
on  its  pivot.  The  trap  operates  as 
s:  Water  enters  at  /,  surrounds  the 
T  and  passes  through  tin:  valve  to 
sehargc  nutlet  0.  As  soon  as  steam 
i  the  chamber  the  volatile  fluid  in  the 
lashes  into  a  vapor  and  the  pressure 
created   tends  to  straighten  out  the 

this  forces  the  valve  against  its  seat 
ie  discharge  ceases.  As  the  trap  cools 
ibe  returns  to  its  normal  position  and 
ieduuge  valve  is  opened,  thus  per- 
[g  the  condensation  to  drain  out. 
idjustmant  permits  of  continuous  or 
nittent  discharge  and  of  variable 
ires. 

Differential  Traps.  —  Fig.  +44  shows 
1  section  through  a  Hiim  differential 

The  column  of  water  .V  acting  on 
ragm  D  closes  valve  1".  The  water 
ug  pipe  E  and  the  action  of  the  spring 
ze  column  A*  and  open  the  valve. 
ibing  the  action  in  further  detail,  the 

of  condensation   enters  at  A,  fills  

chamber  J",  pipe  A",  and  receiving  Fui  A 
ber  C  up  to  the  level  of  the  top  of 
7.  This  column  of  water  acting  00  the  under  side  of  I  he  diaphragm 
M  the  valve  to  its  seat  against  the  counter  pressure  of  the  spring 
jiy  additional  water  that  enters  the  trap  overflows  through  pipe 
ing  chamber  F  and  pipe  E  to  a  point  about  midway  of  its  height, 

the  effect  of  the  column  of  water  in  pipe  A"  is  balanced.     The 

re  on  each  side  of  the  diaphragm  is  then  equal,  the  short  column 
>e  E,  aided  by  the  spring,  balancing  the  pressure  of  the   lotUSC 
n  in  pip*.'  A".     Any  further  increase  in  the  height  "I   i! 
'  causes  a  depression  of  the  valve  V,  which  allows  water  to  e 
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until  the  column  has  fallen  to  a  level  a  little  below  the  middle  of  pipeE, 
when  this  valve  closes  again.  This  action  is  repeated  at  intervali 
according  to  the  quantity  of  water  entering  the  trap.  So  long  as  the 
water  keeps  coming  in  sufficiently  large  quantities  the  valve  remains 
wide  open. 

Fig.  445  gives  a  general  view  of  a  siphon  trap  which  is  much  used  in 
draining  low-pressure  systems,  as,  for  example,  the  separator  in  an 
exhaust  steam  heating  system.  It  consists  essentially  of  two  legs  A 
and  B,  which  may  be  close  together  or  any  distance  apart  but  the 
lengths  of  which  must  be  sufficiently  great  to  prevent  pressure  acting 
through  pipe  /  from  forcing  the  water  out  of  B. 
C  is  a  vent  pipe  extending  to  the  air  to  prevent 
siphoning;  0  is  the  discharge  for  the  condensed 
steam.  In  ordinary  operation  the  leg  B  is  filled  with 
water  which  is  constantly  overflowing,  and  A  with 
steam  and  water,  the  total  pressure  in  both  legs  being 
equal.  The  siphon  trap  is  applicable  for  low  pres- 
sure only,  as  it  requires  approximately  2.3  feet  of 
vertical  space  E  for  each  pound  per  square  inch 
pressure  in  the  pipe.  The  maximum  allowable  head 
is  represented  by  vertical  distance  N. 

357.  Location  of  Traps.  —  Wherever  possible  a  trap 
should  lie  located  so  that  the  condensation  will  flow 
into  it  by  gravity.  This  will  insure  positive  drain- 
age. Sometimes,  however,  the  coils,  cylinders,  or 
pipes  to  be  drained  are  located  in  a  pit  or  trench  or 
lie  on  a  basement  floor  where  it  is  impossible  to 
set  the  trap  so  as  to  receive  the  drains  by  gravity 
Fi«.  445.  Pimple  without  placing  it  iii  an  inaccessible  position.  With 
siphon  Tmp.  yery  jmv  prossurcs  this  is  often  unavoidable,  but 
with  pressures  of  five  pounds  or  more  the  trap  may  be  placed  abort'  the 
point  tn  lie  drained.  If  a  trap  is  set  in  an  exposed  place  a  drain  should 
he  provided  at  the  lowest  point  to  free  the  pipe  of  water  when  steam 
is  shut  off.  A  dirt  catcher  or  strainer  should  be  placed  in  the  pip* 
leading  to  the  trap  to  prevent  scale,  etc.,  from  reaching  the  valve.  All 
pockets  :iw.\  dead  cutis  should  be  drained,  and  no  condensation  should 
he  allowed  to  accumulate.  High- and  low-pressure  drips  should  be  kepi 
separate.     All  tanks  should  have  gauge  glasses. 

Fig.  44ti  shows  the  application  of  a  float  trap  for  automatically  return- 
ing water  1n  the  boiler.  For  this  purpose  the  trap  must  be  placed  three 
feet  or  more  above  (he  water  line  in  the  boiler,  so  that  the  water  mat 
gravitate  to  it.     Water  is  forced  into  the  trap  from  the  returns  through 
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pipe  A  until  it  reaches  a  level  where  the  float  opens  the  equalizing  valve 
V  and  permits  steam  from  the  boiler  to  enter  the  trap,  thus  equalizing 
the  pressures.  The  water  then  flows  into  the  boiler  by  gravity  through 
check  valve  D.    At  the  end  of  discharge  the  float  closes  the  equalizing 


Fio.  446.     Return  Trap. 

valve  and  another  cycle  begins.  Check  valve  C  prevents  the  water 
from  being  forced  back  to  the  return  pipe.  If  the  pressure  in  the  re- 
turn pipe  A  is  not  sufficient  to  force  the  water  into  the  trap,  a  pump  or 
another  trap  may  be  used  to  effect  this  result.  Practically  any  high- 
pressure  trap  may  be  converted  into  a  return  trap  by  proper  installation 
end  an  "equalizing"  valve. 


Figs.  447  and  448  show  different  applications  of  steam  traps  to  the 
receiver  coils  and  jackets  of  triple-expansion  pumping  engines.  The 
drawings  are  self-explanatory. 
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318.  Drips  under  Vacuum.  —  Conditions  frequently  make  it  neeav 
wry  to  remove  condensation  from  apparatus  working  under  a  vacuum, 
as,  for  example,  a  primary  heater. 


The  simplest  method  is  to  pipe  the  drips  to  the  condenser  and  per- 
mit the  condensation  to  gravitate  to  it  as  in  fig.  449.  Where  this  n 
impracticable,  as  in  an  installation  with  the  condenser  above  the  heater, 
a  steam  trap  is  usually  employed. 
Fig.  450  shows  the  application 
of  a  Bundy  trap  to  a  vacuum  or 
primary  heater.  A  close-fitting 
weighted  check  valve  W,  set  to 
open  outwards,  prevents  intake 
of  air  through  the  discharge  pipe 
while  the  trap  is  filling.  Con- 
nection E  is  made  from  the  vent 
underneath  the  valve  stem  V 
back  to  the  heater  bo  as  to  equal 
'  ize  the  pressures.  The  opentiti 
is  as  follows:  Condensation  gravitates  from  the  heater  through  ebeet 
('  to  tht'  IxhIv  of  tiit*  trap,  the  check  W  being  closed.  When  the  bo«l 
is  full  enough  to  overcome  the  weight  of  the  counterbalance,  it  sinh 
and  opens  up  the  live-ntoum  valve  V.  This  admits  steam  to  the  tra? 
through  pit*1  0,  which  in  turn  closes  check  C  and  forces  the  water  pa* 
rhv  weighted  check  II'  to  the  discharge  tank.  After  the  water  is  <&■ 
■tianre*!  the  Uwl  returns  to  its  original  position  and  closes  valve  V,tl» 
■■viHisftt  ctuews  chock  II',  the  vent  cheek  equalizes  the  pressure  inthebefi 
Lmt  iwntiT.  -uul  condensation  gravitates  to  the  trap  again.  j 


Fiu.  449.     Gravity  Drainage;  Vacuum  Heater. 
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359.  Drips  under  Alternate  Pressure  and  Vacuum.  —  Occasionally  the 
load  on  an  engine  is  of  such  a  character  that  the  pressure  in  the  receiver 
alternates  from  a  pressure  of  30  or  40  pounds  absolute  to  a  vacuum  of 
varying  degree.  Where  the  periods  of  vacuum  operation  are  very  few 
and  of  short  duration,  as  in  the  average  installation,  no  attention  is 
paid  to  the  vacuum  and  the  condensation  is  removed  by  a  trap  in  the 
ordinary  way.  If,  however,  the  periods  are  of  sufficient  duration  and 
frequency,  the  ordinary  method  is  not  applicable  and  the  arrangement 
shown  in  Fig.  451  may  be  used.     The  trap  is  placed  below  the  receiver 


Fiu.  450.     Method  of  Draining  Heater  under  Vacuum. 

as  indicated.  The  delivery  pipe  is  provided  with  a  weighted  check  or 
resistance  valve  W  set  so  as  to  open  outwards  from  the  trap,  also  a 
spring  water  relief  valve  R.  Another  weighted  check  P  is  placed  in 
the  line  leading  from  the  vent  to  the  atmosphere,  and  a  plain  check  C 
in  the  line  leading  back  into  the  receiver.  This  arrangement  of  valves 
permits  the  venting  of  the  trap  after  discharge  and  effectually  excludes 
air  from  the  trap  when  there  is  less  than  atmospheric  pressure  on  the 
receiver.  With  the  relief  valve  set  to  open  at  a  pressure  in  excess  of 
the  maximum  receiver  pressure  it  acts  as  a  "stop"  in  the  pipe  and  the 
water  must  enter  the  trap.  When  the  trap  discharges,  the  live  steam 
supplied  through  the  pipe  attached  to  .the  steam  valve  forces  the  w 
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*sdy  proportional  to  their  densities.  Any  further  accumulation  causes 
equal  amount  to  pass  from  the  bottom  of  the  column  to  the  boiler, 
oe  the  pressure  in  the  boiler  is  then  less  than  that  at  the  bottom  of 
1  column;  that  is,  the  steam  pressure  on  the  top  of  the  water  column 
s  the  hydrostatic  head  H  is  greater  than  the  pressure  in  the  boiler, 
ce  started  the  process  is  continuous  and  requires  no  further  attention. 
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Fig.  452.     General  Arrangement  of  the  Simple  "Steam  Loop.'* 

II.  The  Holly  Loop.  —  In  the  application  of  the  steam  loop  where 
ay  points  requiring  drainage  are  connected  to  many  boilers  and 
ditions  are  more  complex,  some  method  other  than  the  simple  one 
adiation  may  be  advisable  to  secure  the  necessary  lower  pressure  at 

top  of  the  loop.  Such  a  method  is  illustrated  in  Fig.  453.  This 
mgement  differs  from  the  simple  loop  in  that  all  condensation  first 
ritates  to  a  "Holly"  receiver  (shown  in  detail  in  Fig.  454)  before 
sing  into  the  "riser."  The  receiver  is  placed  below  the  lowest 
it  to  be  drained  and  serves  as  a  storage  for  large  or  unusual  quan- 
*s  of  water  and  enables  the  riser  to  act  at  a  constant  rate  independ- 

of  variable  discharge  into  the  receiver.  Furthermore,  the  lower 
ttsure  in  the  discharge  chamber  necessary  to  secure  the  lifting  of  the 
S^ed  steam  and  water  through  the  riser,  instead  of  being  created  by 
densation  as  in  the  simple  loop,  is  produced  by  a  reducing  valve  B 
harging  into  the  feed-water  heater.  The  operation  of  the  Holly 
*  is  as  follows:  Circulation  is  started  by  opening  valve  D  until 
an  appears.  Valve  D  is  then  closed  and  the  reducing  valve  is  put 
>  commission.  Condensation  from  separators,  traps,  and  pipes 
States  to  the  "receiver,"  from  which  it  is  forced  into  the  "riser" 
he  form  of  a  spray.     The  spraying  effect  is  produced  by  a 
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ides  drilled  in  pipe  A,  Fig.  454.  From  this  receiver  the  spray  and 
noisture  rise  to  the  "discharge  chamber,"  on  account  of  the  lower  pres- 
sure at  that  point,  where 
-he   steam    and  entrained  _L  ! 

vater  are  separated,  the 
water  gravitating  to  the 
x>ttom  of  the  chamber  and 
,hence  to  the  drop  leg,  and 
;he  steam  discharging 
through  the  reducing  valve 
nto  the  heater.     The  prin-  ™- 4M-    Holly  Rcc8iver- 

:iples  of  operation  are  exactly  the  same  as  in  the  simple  steam  loop. 
MS.  Returns  Tank  and  Pump.  —  Low-pressure  drips  in  connection 
nth  heating  systems  may  be  returned  to  the  boiler  along  with  the 
;ondensation  from  the  beating  system  by  a  combined  pump  and  receiver 
is  shown  in  Fig.  455.    The  height  of  water  in  the  tank  controls  the 


Fia.  465.     Return.-!  Tank 


Deration  of  the  pump  through  the  medium  of  a  float  and  throttle  valve, 
*his  combination  of  float  and  balanced  throttle  valve  is  sometimer 
ailed  a  "pump  governor."     In  the  illustration  the  pump  forces  th 
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returns  through  a  closed  heater  before  delivering  them  to  the  boils, 
though  they  are  oftentimes  returned  directly.  The  tank  is  venial 
to  the  atmosphere  to  prevent  it  from  becoming  "air  bound."  Tnt 
cold-water  supply  or  make-up  water  is  sometimes  discharged  into  the 
receiving  tank  as  indicated.  With  open  heaters  the  cold  supply  it 
ordinarily  controlled  by  a  float  within  the  heater  itself. 

363.  Office  Building  Drains. —  In  the  power  plants  of  tall  office  build- 
ings the  public  sewers  are  often  above  the  basement  level,  and  it  is 
necessary  to  remove  all  liquid  wastes  mechanically. 
The  Shone  pneumatic  ejector  has  been  found  to  serve  this  purpose 
effectually.    This  apparatus 
is  placed   in   a   pit  ia  the 
basement  floor  into  whichall 
sewage,  drips  from  ei 
washings  from  boilers,  and 
ground  water  gravitate,  sod 
are    automatically   dis- 
charged into  the  streeti 
by  means  of  compressed  air. 
Fig.  456  gives  a  sectional 
view  of  a  Shone  ejector  of 
ordinary    constructioa.    It 
consists    essentially    of  s 
closed  vessel  furnished  with 
inlet  and  discharge  connec- 
tions    fitted     with    check 
valves,  A   and  B,  opening 
in  opposite  directions  with 
regard  to  the  ejector.   Two 
cast-iron  bells,  C  and  D,  an? 
linked    to    each    other,  in 
reverse  positions,  the  rising 
control  the  supply  of  compressed  air  through  the 
iiimiitii-  vtdveA'. 

ire  shown  in  their  lowest  position,  the  supply  of  compressed 
Irutii  I  he  ejector,  and  the  inside  of  the  vessel  is  open  to  the 
Hie  sewage  gravitating  into  the  ejector  raises  the  bell  C, 
i  actuates  the  automatic  valve  E,  thereby  closing  the  con- 
'■i'ii  the  inside  of  the  ejector  and  the  atmosphere  andopen- 
nviinii  witli  i  he  compressed  air.  The  air  pressure  expels 
through  the  bell-mouthed  opening  at  the  bottom  and  the 
Ive  />'  into  the  main  sewer.     Discharge  continues  until  the 
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el  falls  to  such  a  point  that  the  weight  of  the  sewage  retained  in 
t  bell  D  is  sufficient  to  pull  it  down,  thereby  reversing  the  automatic 
Ive.  This  cuts  off  the  supply  of  compressed  air  and  reduces  the 
ssure  to  that  of  the  atmosphere. 

The  positions  of  the  bells  are  so  adjusted  that  compressed  air  is  not 
mitted  until  the  ejector  is  full,  and  is  not  allowed  to  exhaust  until 
iptied  down  to  the  discharge  level;  thus  the  ejector  discharges  a 
ed  quantity  each  time  it  operates. 


Fio.  457.     Radi 


Single  Gravity  System 


["wo  ejectors,  each  of  a  capacity  suitable  for  handling  the  average 
if  of  tributary  sewage  and  so  arranged  that  they  can  work  either 
ependently  or  together,  are  usually  installed  at  each  ejector  station. 
The  main  sanitary  sewer  of  the  building  usually  discharges  directly 
o  the  ejectors,  the  surface  water,  drips,  etc.,  being  collected  in  a 
ghboring  sump.  The  latter  is  connected  to  the  sanitary  sewer 
ough  a  trap  or  back-water  valve. 

M.  Radiator  Drains.  —  The  condensation  from  steam  heating  radia- 
s  is  invariably  drained  back  to  the  boiler.  In  small  heating  plants 
;h  steam  pressures  of  from  1  to  10  pounds  gauge  pressures,  the  water 
condensation  is  ordinarily  allowed  to  gravitate  directly  to  the  boiler 
shown  in  Fig.  457.  In  large  plants  the  steam  is  often  circulated  below 
ooepheric  pressure,  in  which  case  the  condensation  is  withdrawn  fra 
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.he  radiators  by  mechanical  means;  see  paragraphs  380  and  381.  ( 
lasionally  small  plants  are  operated  below  atmospheric  pressure, 
ipplication  of  the  latter  is  shown  in  Fig.  458  and  the  operation  is 
'allows:   Steam*  is  generated  in  the  boiler  at  from  2  to  5  pounds  pi 
md,  in  flowing  through   the  pipes  to  the  radiators,  forces  the 


l  46S.     Radiator  Drains,  Duulinm 


amsn  ttiat*  it  through  the  radiator  trap  into  return  tan 
"■iuattrit  »  discharged  to  the  atmosphere  through  autur 
w "~  ifler  the  air  has  been  expelled  the  steam  comes  into 
""tbi  mi  .J  the  radiator  trap  (see  Fig.  442)  and  the  supi 
•*»  **"» :  wiing  further  discharge  to  tank  A.  Condens 
^^  **Ka»BBc  antil  its  temperature  is  lowered  sufficient 
^*****^BL»d  the  flow  is  again  established.     As  so 
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xi  strikes  the  disk  of  the  radiator  valve  the  flow  is  cut  off  and  the 
3  is  repeated.  The  flow  of  steam  to  tank  A  eventually  causes  the 
*r  level  in  the  boiler  to  fall  until  it  reaches  the  mouth  of  the  equalizing 
i  E.  As  soon  as  the  end  of  the  tube  is  uncovered  steam  flows  through 
to  tank  A.  Steam  in  tank  A  immediately  closes  air  valve  B  and 
k  valve  F;  the  pressure  in  the  tank  becomes  the  same  as  that  in 
boiler  and  the  water  gravitates  to  the  boiler  through  check  G.  The 
3r  returning  to  the  boiler  raises  the  water  line  and  seals  the  equalizing 
i.  The  steam  in  tank  A  condenses  and  forms  a  vacuum  of  varying 
•ee  over  all  the  return  lines.  The  system  is  a  sealed  one  and  the 
ation  continuous. 


CHAPTER  XV. 

PIPING  AND  PIPE  FITTINGS. 

365.  General.  —  The  advent  of  high  pressures  and  superheat  b  re- 
sponsible for  the  elimination  of  many  of  the  older  systems  of  pipnt 
the  tendency  being  towards  greater  uniformity  in  design,  parti 
in  electric  central-station  work.  In  isolated  stations  the 
operation  and  installation  are  so  variable  that  each  case  presents 
entirely  different  problem.  In  any  system  of  piping  the  f 
object  is  to  conduct  the  fluid  in  the  safest  and  most  economical  memo, 

The  material  should  be  the  best  obtainable  and  the  system  so 
that  a  break-down  in  one  element  will  not  necessitate  the  dosis 
of  the  entire  plant.    On  the  other  hand,  flexibility  increases  the 
of  parts  and,  unless  first  cost  is  of  little  importance,  tends  to 
the  system  as  a  whole.    It  is  a  safe  general  proposition  to  say  thst 
best  pipe  and  fittings,  irrespective  of  first  cost,  will  prove  the 
economical  in  the  end,  but  few  owners  of  power  plants  are  willing 
take  this  view. 

366.  Drawings.  —  An  assembly  drawing  of  the  entire  installatiot 
giving  the  location  of  all  valves  and  fittings  is  necessary  in  order  ft 
avoid  interference,  and  particularly  where  a  number  of  fittings  are  It 
be  close  together.  Detailed  drawings  should  also  be  provided  of  eick 
division  of  the  piping  to  facilitate  installation,  as,  for  example,  tfct; 
high-pressure  steam,  the  exhaust  steam,  the  feed  water,  the  condeoflf 
water,  the  oil,  the  heating,  and  the  sanitary  piping.  As  a  rule,  to** 
and  more  uniform  bids  will  be  obtained  from  an  isometric  or  pe^w* 
tive  sketch,  as  in  Fig.  459,  than  from  conventional  plan  and  devatioi 
drawings,  due,  no  doubt,  to  the  greater  ease  with  which  the  drawiugi 
interpreted.  A  complete  set  of  specifications  for  a  piping  system  is 
in  paragraph  479  and  illustrates  the  usual  practice  along  this  line. 

367.  Materials  for  Pipes  and  Fittings.  —  The  following  materials  fllk 
used  in  the  construction  of  pipes  for  steam,  water,  and  gases.         I& 

Average  Tensile  Stoat*  |^ 

Low-carbon  or  mild  steel 65,000  lbs.  perff|.  j* 

Wrought  iron 50,000  lbs.  per  ft}*  .■* 

Cast  iron,  high  grade 20,000  lbs.  persq.*  ■ 

Cast  steel 50,000  lbs.  per so..*  Its 

Wrought  copper 33,000  lbs.  per ft**  Ik 

Brass 1 8 ,000  lbs.  per  ft}  *  "  ^ 

Special  alloys  and  compounds 15,000-60.000  lbs.  perft>* 

m 
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Mild  Steel.  —  The  greater  portion  of  the  piping  in  the  average  steam 
ower  plant  is  of  mild  steel,  lap  or  butt  welded  for  high  pressures  and 
iveted  for  very  low  pressures  and  large  diameters.  Steel  pipe  is  con- 
iderably  cheaper  than  that  manufactured  from  other  material  and 
infills  practically  all  requirements  for  general  service. 


Flu.  453.      A  Typical  Isometric  Pipe  Drawing. 


"Wrought  Iron.  —  "Wrought-iron"  pipe  in  a  commercial  sense  refers 
►  mild-steel  pipe  and  unless  stress  is  laid  upon  the  term  "puddled  iron" 
ild  steel  is  ordinarily  furnished.  Puddled-iron  pipe  is  not  much  in 
ridence  in  steam  power  plant  work  since  mild  steel  is  cheaper  and 
dfills  all  requirements.  The  claims  that  wroughHron  pipe  resists 
>rroeion  to  a  greater  extent  than  mild-steel  pipe  have  not  been  sub- 
■antiated  in  practice.  Numerous  investigations  have  been  made  of 
t©  which  show  that  mild  steel  is  equal  if  not  superior  to  wrought  iro" 
■  many  ways. 
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Castriron  Pipes.  —  Cast  iron  is  little  used  for  high-pressure 
piping  except  occasionally  in  the  construction  of  headers  where  * 
ber  of  branches  lead  into  a  single  pipe,  in  which  case  the  numbv 
joints  is  greatly  reduced  and  the  cost  considerably  less  than  for 
iron  or  steel  pipe  with  numerous  fittings  and  joints.    The  chief 
lions  to  cast  iron  for  high-pressure  steam  are  its  weight  and  lack 
homogeneity.    It  is  mostly  used  in  connection  with  water  service 
sanitation. 

Cast-tied  Pipe.  —  Cast-steel  headers  are  sometimes  used  in 
plants  for  highly  superheated  steam,  since  the  material  is  not 
by  temperature  variations  to  the  same  extent  as  cast  iron.    High 
cost  and  the  difficulty  of  securing  castings  free  from  blowholes 
prevented  its  more  general  use.    (See  also  paragraph  127.) 

Copper  Pipes,  —  Copper  steam  pipes  were  in  common  use  for 
years  in  marine  service  on  account  of  their  flexibility.  To  increase 
bursting  strength,  pipes  above  6  inches  in  diameter  were 
wound  with  a  close  spiral  of  copper  or  composition  wire.  In 
years  wrought-iron  and  steel  pipe  bends  have  practically 
copper  for  flexible  connections.  As  a  rule  the  use  of  copper  pipes 
be  avoided  on  account  of  the  rapid  deterioration  of  the  metal 
high  temperatures  and  stress  variations.  The  cost  is  prohibitive  far] 
most  purposes  and  this  alone  prevents  it  from  being  seriously  considered 
in  the  manufacture  of  pipe.  Copper  expansion  joints  are  occasionally 
used  in  low-pressure  work. 

Brass  Pipes.  —  Brass  is  little  used  in  the  construction  of  pipes  m\ 
account  of  its  high  cost.  It  withstands  corrosive  action  much  better 
than  iron  or  steel  and  is  often  used  in  connecting  the  feed  main  with  tk 
boiler  drum.  Special  alloys,  nickel  steel,  "ferrosteel,"  malleable  iroo, 
and  the  like  have  been  used  in  the  manufacture  of  pipes,  and  poena 
points  of  superiority  over  wrought  iron  and  steel  for  some  purposes, » 
for  highly  superheated  steam,  but  the  cost  is  prohibitive  for  avenpj 
steam  power  plant  practice. 

Materials  for  Fittings.  —  Elbows,  tees,  flanges,  and  similar  £1 
are  usually  made  of  cast  iron,  malleable  iron,  or  pressed  steel, 
cast  steel,  "ferrosteel,"  and  other  steel  compounds  are  used  to  a 
extent.     Standard  cast-iron  fittings  are  recommended  for. 
steam  and  for  pressures  of  100  pounds  per  square  inch  or 
heavy  cast-iron  fittings  for  higher  pressures.    Mailer" 
are  lighter  and  neater  than  cast-iron  and  are  extensr 
sizes  of  steam  and  gas  pipe.     Cast  or  pressed  sted 
very  high  pressures  and  superheat. 
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* 

Size  and  Strength  of  Commercial  Pipe.  —  Wrought-iron  and 
oild-steel  pipes  are  marketed  in  standard  sizes.  Those  most  commonly 
ised  in  steam  power  plants  are  designated  as 

1.  Merchant  or  standard  pipe. 

2.  Full-weight  pipe. 

3.  Large  O.D.  pipe. 

4.  Extra  heavy. 

5.  Double  extra  heavy. 

Table  107  gives  the  dimensions  of  standard  "full-weight"  pipe* 
irhich  is  specified  by  the  nominal  inside  diameter  up  to  and  including 
12  inches  and  based  on  the  Briggs'  standard.  Pipes  larger  than  12 
inches  are  designated  by  the  actual  outside  diameter  (O.D.),  and  are 
nade  in  various  weights  as  determined  by  the  thickness  of  metal 
specified.  Manufacturers  specify  that  " full-weight"  pipe  may  have  a 
variation  of  5  per  cent  above  or  5  per  cent  below  the  nominal  or  table 
weights,  but  merchant  pipe,  which  is  the  standard  pipe  of  commerce, 
mch  as  manufacturers  and  jobbers  usually  carry  in  stock,  is  almost 
invariably  under  the  nominal  weight.  It  varies  somewhat  among  the 
different  mills,  but  usually  lies  between  5  and  10  per  cent  under  the 
table  weight.  The  smaller  sizes  of  merchant  pipe,  £  inch  to  3  inches, 
are  butt-welded  and  the  larger  sizes  are  lap-welded. 

Extra  heavy  and  double  extra  heavy  pipe  have  the  same  external 
diameter  as  the  standard,  but  are  of  greater  thickness  and  hence  the 
internal  diameter  is  smaller.  Taking  the  thickness  of  the  standard 
pipe  as  1,  that  of  the  extra  heavy  is  approximately  1.4  and  of  the  double 
extra  heavy  2.8. 

Wrought-iron  and  steel  pipes  are  ordinarily  designed  with  factors  of 
safety  of  from  6  to  15,  with  an  average  not  far  from  10.  The  standard 
hydrostatic  tests  to  which  the  various  pipes  are  subjected  at  the  mills 
are  as  follows: 

Hydrostatic  Pressure, 
Lbs.  per  Sq.  In. 

Standard,  butt-welded,  i-3  in 600  to  1,000 

Standard,  lap-welded,  3-12  in... .' 500  to  1,000 

Extra  heavy,  butt-welded,  1-3  in 600  to  1,500 

Extra  heavy,  lap-welded,  1^-12  in 600  to  1,500 

Double  extra  heavy,  butt-welded,  J-2J  in 600  to  1,500 

Double  extra  heavy,  lap-welded,  1J-8  in 1,200  to  1,500 

j   The  pressure  necessary  to  burst  piping  is  far  above  anything  likely 
KnoRiir  in  nmiinAnr  nraetice  on  account  of  the  thickness  of  material 

%.     (See  Table  106.) 

ures  and  large  diameters,  pipes  are 
4  with  riveted  joints,  the  seam 
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being  either  longitudinal  and  circumferential,  or  spiral.     Such  pipes 
are  not  necessarily  limited  to  large  sizes  and  low  pressures,  though  this 
is  the  usual  practice. 
Pipe  fittings  are  classed  as  screwed  or  flanged. 

TABLE  106. 
BURSTING  PRESSURE  OF  "  STANDARD  "  MILD-STEEL  PIPE." 


No.  of 
Specimen. 

Nominal 

Actual  Bursting 

Mo     f\t 

Nominal 

Actual  Burstag 

Diameter, 
Inches. 

Pressure, 
Lbs.  per  Sq.  In. 

Specimen. 

Diameter, 
Inches. 

Pressors, 
Lbs.  per  Sq.  U. 

ti 

1 

7800 

XT 

3 

3500 

t2 

1 

7700 

» 

3 

3500 

13 

1 

7700 

t» 

3 

3000 

Average  7730 

, 

Average  3330 

t4 

2 

4950 

§10 

4 

1800 

t5 

2 

4800 

ill 

4 

1700 

*6 

2 

5500 

Average  1750 

Average  5080 

§12 

5 

2500 

§13 

5 

2600 

Average  2550 

§14 

6 

3200 

*  Tests  made  at  Armour  Institute  of  Technology. 

Specimens  were  taken  at  random  from  a  lot  of  new  pipe;   length  of  test  specimens,  5  ft. 
threaded  at  both  ends  and  capped. 

t  Failed  at  weld.  t  Failed  in  body  of  pipe.  §  Failed  at  threaded  end. 

369.  Screwed  Fittings,  Pipe  Threads.  —  For  screw  connections  the 
ends  of  pipes  and  fittings  are  threaded  to  conform  to  the  Briggs  or 
United  States  standard  system,  as  shown  in  Fig.  460.     The  end  of  the 


.ip 


COMPLETE    THREADS 
T-(0.  S  D+4.  S)  F 


Fig.  4G0.     Standard  U.  S.  Pipe  Thread. 


pipe  is  tapered  1  to  32  with  the  axis,  the  angle  of  the  thread  being 
()()  degrees  and  slightly  rounded  at  top  and  bottom.  The  proper  length 
of  perfect  threads  is  given  by  the  formula 


_      (0.8  7)  +  4.8) 

i     = y 


n 


(253! 


in  which 


T  =  length  in  inches. 

I)  =  actual  external  diameter  of  the  tube,  inches. 

n  =  number  of  threads  per  inch. 
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The  imperfect  portion  of  the  thread  is  simply  incidental  to  the  pro- 
cess of  cutting.  The  object  of  the  taper  is  to  facilitate  "taking  hold" 
in  making-  up  the  joint.  Table  107  gives  the  number  of  threads  pa 
inch  for  various  sizes  of  standard  pipe.  When  properly  constructed  i 
screwed  joint  will  hold  against  any  pressure  consistent  with  the  strength 
of  the  pipe.  For  example,  the  ultimate  bursting  strength  of  a  "stand- 
ard" 2-inch  pipe  is  about  5000  pounds  per  square  inch,  while  the 
stripping  strength  of  the  joint  (with  perfect  threads)  is  225,000  pounds. 

TABLE  108. 

STANDARD  BOILER  TUBES. 
Tnbla  ol  Standard  Diraanaiou. 


Diuinetsr. 

Sl.,m:|i,i,l 
Tbiclmsxa. 

Ttsrt 

At*i  uf  Surf  at* 
""Tube.  ° 

Nominal  Wcntht  per  Foot  —  Lbs 

I 

5 

I 

Is! 

1 

j 

1 

1 

i 

3 

II 

ju 

Til 

Its 

p 

5 

A 

i* 

Int. 

No. 

h* 

Sq.  Ia. 

Bq.  In. 

Sq.  Ft 

Sq.  Ft 

, 

0.S10 

13 

n»fi 

0.785 

0.515 

.202 

.212 

0.90 

1.04 

1.13 

1.24 

i » 

» 

LOW 

13 

OflS 

1.221 

0.882 

327 

.277 

1.15 

1.33 

1.45 

1.60 

1  74 

H 

1.3IC 

IS 

OWi 

i  .76; 

1.341 

.302 

343 

1.40 

1.62 

1.77 

1.96     2  11 

Ij 

1.50C 

ia 

IIW) 

2.405 

1.011 

.458 

.403 

1   r;i, 

1.91 

2.09 

2  31     2  53 

V. 

1.81C 

13 

im 

3.142 

2.57; 

.523 

.474 

1.91 

2.20 

2  41 

2.67     2W 

'A 

2.060    13 

HHf 

3  (171 

3.33; 

,5S9 

.539 

2.16 

2.49 

2  73 

3.03     332 

»i 

2.2K2    12 

UK 

4.90E 

4.0SK 

.654   :   .597 

2.7a 

3.05 

3.30 

3.72  i  4  12 

.,, 

3.. 132,   12 

m 

5.941 

5.035 

.720  j   .003 

3.04 

3.37 

3.74 

4.11     4  56 

H 

2.7X2|   12 

us 

7. OK 

6.07E 

.785      .72.3 

3.33 

3.00 

4.10 

4.51  !  5  01 

3f 

3(110    n 

.120   8.896    7.11G 

,R51  |   .788 

3.90 

4.46 

4.90 

5  44     S.W 

:v 

3.200    11 

120   9.621    3.347 

.910  |   .853 

4.28 

4.82 

5.30 

5.88    68 

ai 

U.5i0    11 

.12011.045 

9.676 

9S2      .919 

4.00 

:,  is 

5.69 

6  32    6« 

4 

3. 732    10 

I* 

12.666 

10.93(1 

1.047      .077 

5.47 

6.09 

6.76 

7  34  ■  S2J 

■M 

4  232.   10 

134 

15.904 

14. 006 

[.ITS  .-1.103 

6.17 

7.64 

8.31     fl  H 

4.704'     0 

Hh 

19  635 

17  37!)  1   :m  ,1   231 

7.58 

.s  ;,■' 

9.27 

10  40  11  2t 

6 

5.070      K 

1 

105 

23  271  25.2.3(1  1.571   |1.4S4 

10.16 

it  hi 

12.57 

13.53   11  a 

The  threads,  however,  arc  often  poorly  cut  and  the  parts  screwed 
together  improperly  cleaned  and  lubricated,  thus  causing  leakage 
between  the  threads. 

*rt.  Flanged  Fittings.  —  In  cast -iron  pipes,  valves,  tees,  and  other 
fcuinip  the  flange  is  always  a  part  of  the  casting,  but  for  joining  the 
**'j  wis  of  a  steel  or  wrought-iron  pipe  the  flanges  may  be  fastened  to 
•-■.»  yip*,  in  a  number  of  ways.  Fig.  401,  ^1  to  H,  illustrates  methods 
-«'  •rjuiawnly  used.  In  .1  to  C  the  pipes  are  screwed  into  cast-iron 
*'  *w**4vA  flanges  and  the  two  faces,  with  metallic  or  composition 
e  drawn  together  by  bolts.     A  illustrates  the  most 
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common  and  inexpensive  of  flanged  joints,  which  requires  no  special 
tools  and  can  be  made  up  at  the  place  of  erection.  It  gives  satisfactory 
results  for  pressures  of  100  pounds  or  less,  but  for  higher  pressures 
is  apt  to  take  place  between  the  threads.    The  flanges  are 


&^j Iks 
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SCREWED  ROLLED 


SCREWED  LAP 


\tm — elb        !_■ MJ 

SCREWED  A.  PCENED  *  "      -J 


£nH im 


WELDED 


SHRUNK  RIVETED 

Fiq.  461.     Types  of  Pipe  Flanges. 

sometimes  made  with  a  long  thread  and  a  recess  which  can  be  calked 
with  soft  metal.  A  similar  joint  is  made  with  the  pipe  screwed  be- 
yond the  face  of  the  flange  and  the  two  faced  off  together,  either  plane 
or  as  shown  in  B,  which  is  known  as  a  male  and  female  or  hydraulic 
joint.  This  method  forms  a  very  reliable  joint,  since  the  ends  of  tlic 
pipe  bear  on  the  gasket,  and  the  gasket  is  prevented  from  being  blown 
oat.  An  objection  lies  in  the  difficulty  of  opening  the  line  to  remove 
the  gasket  or  replace  a  fitting.    C  is  a  modification  known  af 
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iongued  and  grooved  joint,  which  uses  an  extremely  narrow 
Such  flanges  may  be  subjected  to  severe  strains  when  the  bolte 
drawn  up,  owing  to  the  small  area  of  contact.  Corrugated  copper  or 
steel  gaskets  are  recommended,  since  soft  material  is  apt  to  be  sqomri 
out.    In  C  the  ends  of  the  pipe  are  peened,  which  is  an  improrant 


TABLE  109. 

DIMENSIONS  OF  CAST-IRON  PIPE.* 


Standard  Thickness  and  Height. 

Clans  A. 

Class  B. 

Ciena 

Nominal 

100  Feet  Head. 

900  Feet  Head. 

aOOEsetllswL 

Inside 
Diam- 
eter, 
Inches. 

43  Pounds  Pressure. 

86  Pounds  Pressure. 

190  Pounds  I 

Thick- 
Inches. 

Weight  per 

Thick- 
Inches. 

Weight  per 

Tblek- 
Iaehem. 

Weight  per 

Foot. 

Length. 

Foot. 

Length. 

Foot. 

Lsajtk 

4 

.42 

20.0 

240 

.45 

21.7 

200 

.48 

28.3 

» 

6 

.44 

30.8 

370 

.48 

33.3 

400 

.51 

35.8 

m 

8 

.40 

42.9 

515 

.51 

47.5 

570 

.56 

52.1 

« 

10 

.50 

57.1 

685 

.57 

63.8 

765 

.62 

70.8 

881 

12 

.54 

72.5 

870 

.62 

82.1 

985 

.68 

91.7 

1,100 

14 

.57 

89.6 

1,075 

.66 

102.5 

1,230 

.74 

116.7 

1,400 

16 

.60 

108.3 

1,300 

.70 

125.0 

1,500 

.80 

143.8 

1,725 

18 

.64 

129.2 

1,550 

.75 

150.0 

1,800 

.87 

175.0 

2,100 

20 

.67 

150.0 

1,800 

.80 

175.0 

2,100 

.92 

208.3 

2,500 

24 

.76 

204.2 

2,450 

.89 

233.3 

2,800 

1  04 

279.2 

3,350 

30 

.88 

291.7 

3,500 

1.03 

333.3 

4,000 

1.20 

400.0 

4,800 

36 

.99 

391.7 

4,700 

1.15 

454.2 

5,450 

1.36 

545.8 

6,550 

42 

1.10 

512.5 

6,150 

1.28 

591.7 

7,100 

1.54 

716.7 

8,600 

48 

1.26 

666.7 

8,000 

1.42 

750.0 

9,000 

1.71 

iAJO.V 

10,900 

54 

1.35 

800.0 

9,600 

1.55 

933.3 

11,200 

1.90 

1141.7 

13,700 

60 

1  39 

916.7 

11,000 

1.67 

1104.2 

13,250 

2.00 

1341.7 

16,100 

72 

1.62 

1283.4 

15,400 

1.95 

1545.8 

18,550 

2.39 

1904.2 

22,850 

84 

1.72 

1633.4 

19,600 

2.22 

2104.2 

25,250 

*  Adopted  standards  of  Am.  Water  W'ks  Ass'n.    The  above  weights  are  per  length  to  lay  12  lest,  iaduV 
ing  standard  sockets;  proportionate  allowance  to  be  made  for  any  variation.    All  weights  are appranatssv 

Division*  of  Riveted  Steel  Pipes:  Power,  March  7,  1911,  p.  377. 

over  the  simple  screwed  joint.  D  illustrates  a  shrunk  joint.  The 
flanges  are  bored  for  a  shrink  fit  and  forced  over  the  pipe  when  at* 
red  heat.  After  cooling  the  end  is  beaded  over  into  a  recess  on  the  face 
of  the  flange  and  a  light  cut  taken  from  both.  H  shows  a  modifica- 
tion in  which  the  hub  is  riveted  to  the  pipe.  E  illustrates  a  joint  coav 
strutted  by  rolling  the  pipe  into  a  corrugation  in  the  flange.  The  ad 
of  the  pipe  is  then  faced  off  flush. 
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>ne  of  the  best  commercial  joints  is  illustrated  by  F  and  is  known 
jhe  lap  joint.  The  pipe  is  expanded  as  indicated  and  a  light  cut  is 
n  taken  from  the  flared  ends  to  insure  a  tight  joint.  The  flanges 
loose  and  permit  of  considerable  flexibility  in  shifting  them  through 
ious  angles.  This  is  sometimes  called  the  Van  Stone  joint, 
^pes  with  flanges  welded  on  the  end  as  in  G  have  proved  the  most 
able  of  all  and  though  costly  are  considered  the  standard  for  high- 
ssure  and  high-temperature  work.  The  faces  are  ordinarily  raised 
to  tV  inch  inside  the  bolt  holes  and  ground  to  a  steam-tight  fit,  so 
it  thick  gaskets  are  unnecessary. 

?or  moderately  high  pressures  and  temperatures  any  of  the  joints 
en  well  made  will  prove  satisfactory.  For  extremely  high  pres- 
es  and  temperatures  the  lap  or  welded  joints  are  preferable, 
rhe  comparative  costs  of  various  flanges  are  given  in  Table  112. 
rable  110  gives  the  dimensions  of  standard  and  extra-heavy  flanges 
1  fittings  as  adopted  July  10,  1912,  by  manufacturers,  and  Table 
L  the  dimensions  adopted  by  "The  Societies,,,  Oct.  25,  1911.  Since 
ther  of  these  two  standards  has  been  universally  adopted  in  this 
mtry  they  should  be  used  with  caution. 

rhe  following  explanatory  notes  refer  to  tables  110  and  111.  The 
leties'  notes  appear  in  Roman  type  and  the  manufacturers'  variations, 
erever  they  occur,  follow  in  italics: 

L  Standard  or  extra-heavy  reducing  elbows  carry  the  same  dimen- 
ns  center  to  face  as  the  regular  elbows  of  the  largest  straight  size. 
I.  Standard  or  extra-heavy  tees,  crosses,  and  laterals,  reducing  on 
i,  carry  the  same  dimensions  face  to  face  as  the  largest  straight  size. 
i.  If  flanged  fittings  for  lower  working  pressures  than  125  pounds 
j  made,  they  shall  conform  in  all  dimensions,  except  in  thickness  of 
$11,  to  this  standard,  and  shall  have  the  guaranteed  working  pressure 
;t  on  each  fitting.  Flanges  for  these  fittings  must  be  of  standard 
tensions. 

L  Where  long-turn  fittings  are  specified,  it  has  reference  only  to 
ows,  which  are  made  in  two  center-to-face  dimensions,  to  be  knowa 
"elbows"  and  "long-turn"  elbows,  the  latter  being  used  only  when 
specified. 

5.  All  standard-weight  fittings  must  be  guaranteed  for  125  pounds 
d  extra-heavy  fittings  for  250  pounds  working  pressure,  and  each 
ang  must  have  some  mark  cast  on  it  indicating  the  maker  and  the 
aranteed  working  steam  pressure. 

5.  All  extra-heavy  fittings  and  flanges  to  have  a  raised  surface  TV  inch 
;h  inside  of  the  bolt  holes  for  the  gasket. 
Standard-weight  fittings  and  flanges  to  be  plain  faced. 
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TABLE  112. 

COMPARATIVE  OOST  OP  VARIOUS  PIPE  FLANGE  FITTINGS,   13-INCH  PIPE. 

(Circular  from  the  Crane  Corapuiy.) 


1 

1 

1 

1 

II 

in 

ji 

Ss 

i 

i 

I 

1 

a  J 

$  7.10 
8.70 
9.90 
22.40 
29.40 

tio.oo 

18. 40 

$18.00 
20.00 

113.00 
10.00 
18.00 
25.00 
30.00 

522.00 

28.40 
32.40 

34.00 
38.00 

S41.00 

Any  of  tbe  above  screwed,  shrunk,  welded,  rolled,  or  single-riveted  flanges  can  be 
furnished  with  male  or  female  face  at  SI  .25  extra. 

The  screwed  or  welded  flanges  can  be  furnished  with  tongued  or  grooved  [ace  at 
SI  .25  extra. 

Any  of  the  above  screwed,  shrunk,  or  single- rive  ted  flanges  can  be  furnished  with 
fflltri"E  recess  at  SI. 25  extra. 


TABLE  113. 

IOSS   OP   HEAT    FROM    BARE    STEAM    PIPE.* 
Still  Air. 


Authority  ol 
Teat. 

Descriptive  Rcfer- 

A 

K 

« 

1 

I. 

jj 

i 
I 

1 

| 

1. 
I* 

si 

t  H 
II 

i 

Hi 

Barru, 

rPover.  Deo..   lBOljl 
lTnm».A.8.M.E..vol.l 

lvol!x«1'!p™S8.n    1 

3 
2 
10 
3.531 
2 

8 

63.57 
63.92 
08.33 
B.13 
60.60 

7.63 

139.4 

82 
149 
149 
136 
128 

63 

110 

325 
366 
365 
358 
354 

301 

344 

36 

03.3 

73.6 

07 

80.1 

71.2 

76, S 

2SS.6 

302.! 

291.7 

391 

274.0 

229.6 

209 

0.915 

1.150 
1.085 
1.050 
0.994 

0.707 

0.834 

"130  lbs." 

Stevens  Ind., Vol 

xix,  p.  388. 
Stevens  Ind.,  Vol 

Trans.  A.S.M.E., 
Vol.  xvi. 

3.13 
2.78 

■C.F.Pauldlnc,  Sttvtna  Indicator,  Vol 


t  Outside  diameter. 
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371.  Coverings.  —  Steam  pipes,  feed-water  pipes,  boiler  steam  drums, 
receivers,  separators,  etc.,  should  be  covered  with  heat-insulatum  u* 
terial  to  reduce  radiation  losses  to  a  minimum.     For  mod 
purposes  the  loss  of  heat  from  a  bare  steam  pipe  or  drum  maj 
as  3  B.t.u.  per  square  foot  per  hour  |>er  degree  difference  in  temperature. 
Table  80.     The  actual  loss  depends  upon  the  diameter  of  li- 
lts position  whether  vertical  or  horizontal,  the  nature  of  the  surfiict, 
and  the  velocity  of  the  surrounding  air  currents.     For  a  detailed  analysis 
of  these  various  influences,  and  interesting  information  on  the  trans- 
mission of  heat,  the  reader  is  referred  to  Paulding's  "  Steam  in  Covmii 
and  Bare  Pipes." 


Fid.  162.     Efficiency  of  Pipe  Coverings. 


By  properly  applying  any  good  commercial  covering,  from  75  pff 
3  90  per  cent  of  the  heat  loss  may  be  prevented. 

mpU:   Required  the  saving  per  annum  due  to  covering  a  pipe 
i  diameter  and  100  feet  long;   steam  pressure  150 

rature  of  tiie  ;iir  7ii  degrees  F.;    cost  of  covering  applied 
running  foot;  efficiency  of  covering  85  per  cent  :  i 
b:  plant  to  operate  14  hours  per  day  and  300  days  per  year. 
t  of  steam  at  150  |>oiinds  pressure  =  301  rj 
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Difference  of  temperature  between  the  steam  and  air  =  366  —  76 
-  290  degrees  F. 

Loss  per  square  foot  per  hour,  bare  pipe  =  3  X  290  =  870  B.t.u. 

Loss  per  square  foot  per  day,  bare  pipe  =  870  X  14  =  12,180  B.t.u. 

Loss  per  square  foot  per  year,  bare  pipe  =  12,180  X  300  =  3,654,000 
B.t.u. 

100  lineal  feet  of  10-inch  pipe  have  an  external  surface  of  282  square 
feet.    Therefore  the  loss  per  year  from  the  bare  pipe  is 

262  X  3,654,000  =  1,030,000,000  B.t.u.  (approx.). 

TABLE  114. 

EXPERIMENTS   ON    STEAM-PIPE   COVERINGS. 
("Condensation  of  Steam  in  Covered  and  Bare  Pipes  "  [Paulding].) 


Kind  of  Covering. 


Hair  felt 

Do 

Remanit  for  interme- 
diate pressure. 
Remanit  for  high  pres- 
sure. 

Mineral  wool 

Champion  mineral  wool 

Rock  wool 

Asbestos  sponge  felted 

Do 

Do 

Magnesia 

Do.'!!!!!!!!!!!!!!! 
Do 

Do 

Do 

Asbestos,  Navy  Brand 

Do 

Do 

Manville  sectional .... 

Do 

Do 

Asbestos  air  cell 

Do 

Asbestos  fire  felt 

Do 

Do 

Fossil  meal 

Riley  cement 


Diam. 

Thick- 

of Test 

ness  of 

Pipe. 

Cover- 

Inches. 

ing, 

Inches. 

2 

0.96 

8 

0.82 

2 

0.88 

2 

1.30 

8 

1.30 

8 

1.44 

8 

1.60 

2 

1.125 

10 

1.375 

2 

1.14 

4 

1.12 

2 

1.09 

8 

1.25 

2 

1.08 

2 

1.00 

10 

1.19 

2 

1.20 

2 

1.125 

10 

1.375 

8 

1.70 

2 

1.31 

4 

1.25 

4 

1.12 

2 

0.96 

8 

1.30 

2 

1.00 

2 

0.99 

8 

0.75 

8 

0.75 

Temperatures 
F. 


Steam. 


302.8 
348.3 
304.5 

306.6 

344.1 
346.1 
344.1 
364.8 
364.8 
309.2 
388.0 
354.7 
344.1 
310.9 
365.2 
365.2 
309.2 
365.2 
365.2 
345.5 
354.7 
388.0 
388.0 
303.3 
344.7 
354.7 
307.4 
347.1 
347.9 


Air. 


71.4 
69.0 
73.3 

76.1 

58.3 
74.3 
63.0 
60.7 
62.8 
79.4 
72.0 
80.1 
66.3 
81.6 
64.6 
66.0 
79.4 
64.6 
66.8 
78.3 
80.1 
72.0 
72.0 
72.3 
79.0 
80.1 
72.5 
75.3 
74.3 


B.T.U.  per 
Hour  per 

8quare  Foot 
of  Pipe 
Surface.' 


Total. 


89.6 
117.9 
100.3 

83.7 

81.3 

86.1 

72.0 

145.0 

85.0 

59.7 

147.0 

155.8 

106.6 

69.8 

155.0 

103.0 

69.9 

176.0 

112.0 

93.4 

157.0 

143.0 

166.0 

165.5 

133.5 

198  0 

180.0 

238.0 

260.0 


Per 


Differ- 
ence. 


0.387 
0.422 
0.434 

0.363 

0.284 

0.317 

0.256 

0.477 

0. 

0.260 

0.465 

0.567 

0.384 

0.304 

0.515 

0.347 

0.304 

0.585 

0.375 

0.394 

0.572 

0.453 

0.525 

0.716 

0.502 

0.721 

0.766 

0.876 

0.950 


Date 

of 
Test. 


1901 
1894 
1901 

1901 

1894 
1894 
1894 
1901 
248(1901 
1901 
1896 
1896 
1895 
1901 
1901 
1901 
1901 
1901 
1901 
1894 
1896 
1896 
1896 
1901 
1894 
1896 
1901 
1894 
1894 


Testing  Ex- 
pert. 


Jacobus 

Brill 

Jacobus 

Jacobus 

Brill 

Brill 

Brill 

Barrus 

Barrus 

Jacobus 

Norton 

Paulding 

Brill 

Jacobus 

Barrus 

Barrus 

Jacobus 

Barrus 

Barrus 

Brill 

Paulding 

Norton 

Norton 

Jacobus 

Brill 

Paulding 

Jacobus 

Brill 

Brill 
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Assuming  a  net  available  heat  value  of  10,000  B.t.u.  per  pound  for 
the  coal,  the  equivalent  coal  consumption  is  51.5  tons,  valued  at  51.5 
X  $2.50  =  $128.75. 

The  covering  will  save  85  per  cent  of  this,  or  $109.50  per  annum. 

The  pipe  covering  applied  will  cost  100  X  $0.65  =  $65.00. 

In  this  case  the  covering  will  pay  for  itself  in  considerably  less  than 
a  year. 

Pipe  covering  is  applied  in  sections  molded  to  the  required  form  and 
held  to  the  pipe  by  bands,  or  may  be  applied  in  a  plastic  form.  The 
former  is  more  readily  applied  and  removed,  and  is  usually  adopted 
for  pipes,  while  the  valves  and  fittings  are  sometimes  covered  with 
plastic  material.  Piping  should  be  tested  under  pressure  before  being 
covered,  since  leaks  destroy  the  efficiency  and  life  of  the  covering.  If 
the  surrounding  atmosphere  is  moist  the  covering  should  be  given  two 
or  three  coats  of  good  paint.  Coverings  are  sometimes  applied  to  cold- 
water  pipe  to  prevent  sweating  in  a  humid  atmosphere. 

Identification  of  Power  House  Pi-ping  by  Colors:  Power  and  Engr.,  Apr.  26,  1910, 
p.  752. 

372.  Expansion.  —  One  of  the  most  difficult  problems  in  the  design 
of  a  piping  system  is  the  proper  provision  for  expansion  and  contraction 

due  to  change  in  temperature.  If  a  pipe  is  immovably  fixed  at  both 
ends  and  under  no  strain  when  cold,  and  the  temperature  is  increased, 
as  by  the  admission  of  steam,  it  is  subjected  to  a  compression  propor- 
tional to  the  rise  in  temperature  (within  the  elastic  limit).  For  example, 
a  6-inch  standard  extra-heavy  wrought-iron  pipe  200  feet  long  at  66 
degrees  F.,  if  heated  to  366  degrees  F.  (the  temperature  corresponding 
to  steam  at  165  pounds  per  square  inch  absolute  pressure),  will  exert 
an  axial  force  of 

P  =  EA  (/i  -  t)  fJL.     (Mechanics  of  Engng.,  Church,  p.  218.)         (254) 

P  =  force  in  pounds. 

E  =  modulus  of  elasticity,  30,000,000. 

Ji  =  final  temperature,  degrees  F. 

(  =  initial  temperature. 

^  =  coefficient  of  expansion,  0.0000073. 

,*  =  sectional  area  of  the  pipe  material,  8.5  square  inches. 

*  *  tt.000,000  X  8.5  (306  -  66)  0.0000075 
-  TTi.750  pounds. 

-w  «JL  Sraced  throughout  its  entire  length  the  pipe  will  buckle 
assorted.    If  free  to  expand  its  length  would  increase. 
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The  temperature  of  the  pipe  is  always  less  than  that  of  the  steam  on 
account  of  radiation  from  the  outer  surface  and  varies  with  the  effi- 
ciency of  the  covering.  But  ignoring  radiation  the  increase  in  length 
due  to  temperature  increase  is 

I  =  M  (tl  -  t)  L,  (255) 

in  which 

I  =  increase  in  length,  inches. 

L  =  length  of  pipe,  inches. 

Other  notations  as  in  (254). 

Substituting  in  (254),  h  =  366. 

*  =  66. 

M  =  0.0000075. 
L  =  2400. 

I  =  0.0000075  (366  -  66)  2400 
=  5.4  inches. 

The  total  increase  in  length  will  be  the  sum  of  the  elongation  due  to 
pressure  and  that  due  to  increase  in  temperature. 

Since  the  forces  produced  by  expansion  are  practically  irresistible, 
the  pipe  is  invariably  allowed  to  expand  freely  by  suitable  means  so 
as  not  to  strain  the  connections.  The  coefficients  of  expansion  per 
degree  difference  in  temperature  for  various  pipe  materials  are  given 
in  Table  115. 

Headers  less  than  50  feet  in  length  usually  require  no  special  pro- 
visions for  expansion,  provided  the  ends  are  free  and  the  leads  to  and 


c  D 

Fig.  463.     Types  of  Expansion  Pipe  Bends. 

from  the  header  are  not  too  short,  the  pipe  usually  being  anchored  at 
the  middle  and  permitted  to  expand  in  either  direction.  Free  expan- 
sion of  the  feeders  may  be  provided  for 

1.  By  long  radius  bends,  as  in  Fig.  463. 

2.  By  double-swing  screwed  fittings,  as  in  Fig.  464,  or 

3.  By  packed  expansion  joints,  Fig.  465. 

Where  practicable  the  long  radius  bends  will  prove  most  satis- 
factory.    The  radius  of  the  bend  should  not  be  less  than  5  diameters 
of  the  pipe,  and  larger  if  possible.     The  length  of  straight  pipe  at  the 
end  of  each  bend  should  not  be  less  than  twice  the  diameter  of  the 
pipe  measured  from  the  face  of  the  flange. 
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On  account  of  the  great  strains  to  which  the  joints  of  pipe  bends  art 
subjected,  the  welded  joint,  C,  Fig.  461,  is  recommended  as  giving  the 
best  results.    The  next  best  is  the  lap  joint,  F,  Fig.  461. 

TABLE   115. 

COEFFICIENTS   OF   LINEAR   EXPANSION   PIPING   MATERIALS. 


Material. 


Temperature 
Range. 


Wrought  iron  and  mild  steel... 

Wrought  iron 

Cast  iron 

Cast  steel 

Hardened  steel 

Nickel-steel,  36  per  cent  Nickel 

Copper,  cast 

CopDer,  wrought 

Cast  brass 

Brass  wire  and  sheets 

Tin  cast 

Tin  hammered 

Zinc  cast 

Zinc  hammered 


32-212 
32-572 
32-212 
32-212 
32-212 
32-572 
32-212 
32-572 
32-212 
32-212 
32-212 
32-212 
32-212 
32-212 
32-212 


McuCod- 

cknlpffDt 
ps  ft 


o.ooooow 

O.000008K 
O.OOOQQW 

O.OOOOOftt 

O.OOOOQW 
O.O0000US 

O.O00010N 
0.00001581 
0. 0000104 
O.OOQOlff 
0. 00001 21 
0.0000158 
0.0000113 
0. 0000173 


LINEAR    EXPANSION    OR    CONTRACTION    OF    CAST    IRON    IN    INCHES   PXI 

100    FEET,  —  DECREES    F. 


'*m;jcMUitt  Piffwvncv. 

Expansion. 

Temperature  Difference. 

Expansion. 

100 
150 

0.72 
1.1016 
1 . 5024 
1 . 9260 

300 
400 
500 
600 
800 

2.376 
3.360 
4.440 
5.616 
7  872 

i 
i 

-.    =?-•».  .1 


I'! 

and   i 


Multiply  by  1.1  for  wrought  miM  steel. 
Multiply  by  1  5  for  wrought  copper. 
Multiply  by  1  6  for  wrought  brass. 

.  3.  ».".  D%  shows  applications  of  pipe  bonds  to  straight  p 

-j?  -aeapest  and  most  common  arrangement  for  all  size: 

ix'tuncation  for  limited  ccntcr-to-center  spaces.     C  sh« 

~hsxi  >i  taking  up  expansion  in  straight  runs  of  pi]* 

*  There  the  space  requirements  prohibit  the  us 

she  main  runs  are  connected  to  manifolds  wli 

t?  a  number  of  small  V  bends,  the  cquival 

d.  to  that  of  the  large  pipes.     This  make 
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mOMT  clcvation 


flexible  connection  than  if  a  single  U  bend  were  used.  The  ar- 
K^aaxgement  D  does  away  with  the  elbows  required  in  Af  but  is  not 
applicable  to  pipes  over  8  inches  in  diameter. 

Figs.  478  and  479  show  applications  of  pipe 
bends  to  boiler  and  header  connections. 

Fig.  464  shows  a  double-swing  screwed  joint  in 

"Which  expansion  causes  the  fittings  to  turn  slightly 

*ud   thus  relieve   the   strain.     This   method  is 

Usually  adopted  where  long  radius  bends  are  not 

Practicable  on  account  of  lack  of  space  and  where 

•crewed  fittings  are  used. 

Slip  joints,  Fig.  465,  are  now  little  used  except 
With  very  large  pipes  and  where  space  prohibits 
long  radius  bends.    When  slip  joints  are  employed 

the  pipe  must 
be  securely  an- 
chored to   pre-  Fio. 464.  "Double-swing" 
"  Vent  the  Steam  Expansion  Joint. 

pressure  from  forcing  the  joint  apart 
and  at  the  same  time  permit  the  pipe 
in  expanding  to  work  freely  in  the 

Fig.  465.    Slip  Expansion  Joint.  stuffing  box.     Sagging 

of  the  pipe  on  either  side,  which  might  cause  binding  in 
the  joint,  is  prevented  by  suitable  supports. 

Expansion  in  Steam  Pipes:  Power,  July,  1906,  p.  426,  Jan.,  1904, 
p.  30,  March,  1904,  p.  160,  Oct.,  1904,  p.  609,  Dec.,  1900;  Am. 
Elecn.,  10-432;  Engr.,  U.  S.,  Feb.  1,  1904,  p.  125;  Eng.  News, 
44-194,  47-468,  50-487;  Power,  June  2,  1908. 

373.  Pipe  Supports  and  Anchors.  —  Pipe  lines  must  be 
supported  to  guard  against  excessive  deflection  and  vibra- 
tion. Supports  are  conveniently  classified  as  (1)  hangers, 
(2)  wall  brackets,  and  (3)  floor  stands. 

Pig.  466  illustrates  a  type  of  hanger  for  suspending 
pipes  from  I  beams.  The  supports  being  free  to  swing, 
no  provision  for  expansion  is  necessary.  A  properly  de- 
signed hanger  may  be  readily  removed  without  disturbing 
the  pipe  line,  and  should  be  adjustable  to  facilitate 
''lining  up."  If  of  rigid  construction  the  lower  end  should 
be  provided  with  a  roller.  Fig.  460. 

Fig.  467  gives  the  details  of  a  wall  bracket  with  rolls    A  T>'Pical  Pi*» 
and  roll  binder.     Supports  adjacent  to  long  radius  bends 
should  be  provided  with  roll  binders  as  illustrated  to  prevent  the  i ' 
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from  springing  laterally,  but  they  may  otherwise  be  omitted.    The 
rollers  arc  often  made  adjustable  to  facilitate  lining  up. 

Fig.  468  illustrates  a  typical  floor  stand.  Pipe  lines  are  usually 
securely  anchored  at  suitable  points  in  a  manner  similar  to  that  illus- 
trated in  Fig.  469,  the  pipe  resting  on  a  saddle  and  being  rigidly  clamped 
to  the  bracket  by  a  fiat  iron  band  with  ends  threaded  and  bolted. 
This  limits  expansion  to  one  direction  and  prevents  excessive  strain  on 
the  fittings. 


Fig.  470  illustrates  a  method  of  suspending  and  counterbalancing 
expansion  loops  in  a  main  header  and  Fig.  471  a  flexible  support  fori 
large  vertical  exhaust  header. 

374.  General  Arrangement  of  Hlgb -pressure  Steam  Piping.  —  The  gen- 
eral arrangement  of  piping  depends  in  a  great  measure  upon  the  space 
available  for  engines  and  boilers. 

The  engine  and  boiler  room  may  be  placed 

(1)  Back  to  back,  Fig.  473. 

(2)  End  to  end,  Fig.  472. 

(3)  Double  decked,  Fig.  480. 

Tie  back-tiyJ'iick  arrangement,  is  the  most  common  and,  other  things 
'Trr^ng  is  to  he  preferred  on  account  of  the  short  and  direct  con- 
zranL  "Mveen  engines  and  boilers  and  the  ease  of  enlargement.    The 

■rm*  nc  boiler  rooms  are  separated  by  a  wall,  and  as  much  of  the 
S  located  in  the  Ijoiler  room. 
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The  end-to-end  arrangement  is  ordinarily  limited  to  situations  wl 
the  distribution  of  space  ] 
eludes  the  back-to-back  sysb 
The  double-decked  arrangem 
is  frequently  used  where  groi 
space  is  limited  or  expensive. 
Engines  and  boilers  are  c 
nected  in  a  variety  of  wi 
through  steam  headers  as  sho 
in  the  following  examples: 

1.  Spider  system,  Fig.  473. 

2.  Single  header,  Fig.  474. 

3.  Duplicate  headers,  Figs.  • 
and  476. 

4.  Loop  or  ring  header,  T 
477. 

5.  The  "unit"  system,  I 
478. 

The  spider  system  is  often  ut 
in  small  plants.  In  this  arran 
ment  all  branch  pipes  are  brou( 
to  one  central  header  which 
made  as  short  as  possible.  1 
shortness  of  such  a  header  mi 
mizes  danger  from  breakdow 
and  brings  all  the  principal  val' 
close  together. 

The  single-header  system 
perhaps  the  most  common,  sii 
it  embodies  simplicity,  low  fi 
cost,  and  provision  for  extensii 

The  duplicate  system  is  losi 
favor,  since  experience  shows  tl 
the  extra  cost  of  the  duplic: 
mains  will  usually  give  bett 
returns  in  continuity  of  operati 
and  maintenance  if  invested 
high-grade  fittings  on  a  singl 
pipe  system.  A  small  auxilia 
f.i  in  modern  plants  where  double  mains  are  required;  s 
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The  loop  header  is  well  adapted  for  the  power  plants  of  tall  office  build- 
ings, Fig.  481,  in  which  a  large  number  of  steam  engines,  elevator  pumps, 
air  compressors,  and  miscellaneous  steam-consuming  appliances  are 
crowded  together  in  a  comparatively  small  space. 

Large  modern  power  plants  are,  by  the  latest  practice,  divided  into 
complete  and  independent  units,  as  in  Fig.  478,  each  prime  mover  hav- 
ing its  own  boiler  equipment,  coal  and  ash-handling  machinery,  feed 
pumps,  and  piping,  operated  independently  of  the  rest  of  the  plant, 
though  provision  is  made  whereby  any  boiler  equipment  may  provide 
steam  for  any  prime  mover. 


Eton  tor  P  imp* 


Battery  No.l 


Battery  No.3 


Bolter  No.1 


Bolter  N*S  »•**  A«4 

Fig.  473.     "  Spider  "  System. 


if»b 
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The  power  plant  of  the  Manhattan  Elevated  Railway  Company, 
New  York,  is  practically  divided  into  eight  sections  each  consisting 
of  an  engine  and  eight  boilers,  the  boilers  being  "double  decked'' 
(Fig.  480). 

The  branch  pipes  from  the  upper  and  lower  batteries  lead  into  18- 
inch  headers,  the  steam  from  each  being  conducted  to  a  receiver  reservoir 
36  inches  in  diameter  and  20  feet  long  in  the  engine-room  basement 
directly  behind  each  engine,  from  which  the  two  high-pressure  cylinders 
are  supplied.  Gate  valves  are  used  in  each  boiler  branch,  one  close  to 
the  boiler  and  another  near  the  header,  and  also  in  the  steam  pipes 
near  the  reservoir.  The  steam  headers  for  each  of  the  eight  units  are 
connected  by  a  main  which  equalizes  the  pressure  and  allows  a  deficiency 
in  one  unit  to  be  made  up  from  the  others. 
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^f^A-^ 


Detail  Plan 


(Power) 


liu.    17!>.     Details  of  Boiler  Steam   Piping,  Yonkers  Power  House  of  the  New** 

Antral  H.R. 
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p.  478  and  479  show  the  general  arrangement  of  the  steam  piping 
e  Yonkers  power  house  of  the  New  York  Central.  The  turbines 
connected  in  pairs  by  14-inch  loops,  each  turbine  taking  steam 
either  of  two  banks  of  four  boilers.  The  high-pressure  steam 
g  is  of  mild  steel  with  modified  reenforced  "Van  Stone"  joints, 
high-pressure  valves  are  of  the  split-disk  pattern  with  semi-steel 
s.    Expansion  is  taken  up  by  the  long  sweep  bends.  . 

ints  using  superheated  steam  are  ordinarily  piped  to  supply  satu- 
:  steam  to  the  auxiliaries  as  illustrated  in  Fig.  482.  The  boiler 
:h  E,  leading  to  the  main  header,  normally  supplies  superheated 
i  to  the  engines.  C  is  an  auxiliary  main  supplying  the  air  pumps, 
•r  engines,  and  other  auxiliaries  with  saturated  steam  from  branch 


i.  —  Until  quite  recently  it  was  the  usual 
ice  to  make  the  area  of  the  steam  header  equivalent  to  the  com- 
I  areas  of  the  feeders,  but  the  function  of  the  header  is  now  regarded 
at  of  an  equalizer  rather  than  a  storage  reservoir.     In  the  various 

power  houses  recently  built  in  New  York  City,  with  ultimate 
:ities  of  from  100,000  to  250,000  kilowatts,  the  largest  steam  headers 
ot  over  16  inches  in  diameter.  In  some  recent  designs  the  pipes 
ig  from  the  header  to  the  engines  are  two  sizes  smaller  than  called 
Y  the  engine  builders.  In  this  case  large  receiver  separators  two 
ur  times  the  volume  of  the  high-pressure  cylinder  are  provided 
-he  throttle  as  in  Fig.  480.  The  pipes  between  receiver  and  engine 
ill  size.  The  object  of  the  arrangement  is  to  give  (1)  a  constant 
>f  steam,  (2)  a  full  supply  of  steam  close  to  the  throttle,  and  (3)  a 
an  near  the  engine  for  absorbing  the  shock  caused  by  cut-off. 

moderately  superheated  steam  and  boiler  pressures  from  125  to 
ounds  a  velocity  of  8000  feet  per  minute  is  allowed  in  the  header 
a  high  as  9000  feet  per  minute  between  header  and  receiver.  With 
i  turbines  velocities  as  high  as  12,000  feet  per  minute  a 
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miasible,  provided  the  pipe  is  less  than  50  feet  in  length  and  practically 
free  from  sharp  bends.  Main  headers  are  ordinarily  constructed  of 
mild  steel,  though  cast-iron  and  cast-steel  headers  are  not  uncommon. 


Cast  headers  permit  of  fewer  joints  and  arc  well  adapted  to  situations 
where  a  number  of  branches  are  closely  grouped  as  in  Fig.  473. 

The  proper  arrangement  and  number  of  valves  in  the  main  header 
and  feeders  has  been  a  subject  of  much  consideration.     Figs.  472  to  483 


I>ida,  Grand  Haven  and  Muskeeon 


show  some  of  the  different  successful  arrangements  in  recent  installa- 
tions. Where  two  valves  arc  placed  in  a.  feeder  they  should  be  arranged 
bo  as  not  to  form  a  pocket  for  the  accumulation  of  leakage.     In  an 


710  STEAM  POWER  PLANT  ENGINEERING 

of  recent  installations,  Fig.  479,  the  valve  nearest  the  boiler  is  of  the 

"automatic  stop  and  cheek"  type,  its  function  being  the  automatic 

cutting  off  of  the  steam  from  the  header  should  the  pressure  in  the  boiler 

suddenly  drop  as  in  case  of  blowing  out  a  tube. 

Arrangement  of  Steam  Piping:  Power  and  Engr.,  Jan.  18,  1910,  p.  117,  Sept.  29. 
1908,  p.  523,  Fob.  22,1008;  Engr.  U.  S.v  Dec.  1,1904;  Mech.  Engr.,  Nov.  4, l'.Ktf: 
Power,  Feb.  23,  1909,  p.  363;  Eng.  News,  Nov.  26,  1903,  p.  487;  Elec.  Rev.,  Lund.. 
Aug.  11,  1899,  p.  251;  St.  Ry.  Rev.,  Jan.,  1900,  p.  12;  Nov.,  1904,  p.  869. 

376.  Flow  of  Steam  In  Pipes.*  —  The  several  accepted  formulas  re- 
lating to  the  flow  of  steam  in  pipes  have  been  based  upon  a  few  experi- 
ments limited  to  pipes  of  small  diameter;  hence  the  application  of  tht^e 
formulas  to  larger  pipes  or  to  conditions  other  than  those  under  which 
they  were  deduced  is  apt  to  lead  to  considerable  error.  In  small  plants 
extreme  accuracy  in  determining  the  proper  sizes  is  not  necessary;  it  is 
better  to  err  in  the  installation  of  too  large  a  pipe  than  one  too  small. 
In  larger  stations,  however,  where  the  pipes  are  large  and  the  pressure 
is  high,  the  cost  of  the  piping  increases  very  rapidly  with  the  size.  Fur 
example,  the  cost  of  10-inch  high-pressure  fittings  is  from  15  to  20  per 
cent  greater  than  9-inch  fittings,  and  in  large  installations  this  first  cost 
item  majr  be  of  considerable  importance. 

The  simplest  and  most  commonly  used  formula  is  based  upon  an 
allowable  steam  velocity  of  0000  feet  per  minute,  friction  and  other 
causes  of  drop  in  pressure  being  disregarded:  thus,  for  a  velocity  i.»f 
6000  feet  per  minute, 

J  =  0.17.",  T      j\  (2jf»: 

in  whii'h 

d  =  diannter  of  the  pipe  in  inches. 

-,  =  density  »»f  thr  steam  in  ]H>und>  per  cul»K-  foot,  and 
W  =  Wright  i»f  m •■:!:?:  tJ.o\vinur  I'.i  iv»;:nds  prr  minute. 
I?.  J«-trr:r.ir.i:.ir  :':.«■  di;i::.i-:«.T  -•:"  *.!.■■  >:ea:n  pipe  opening  for  recipro- 
-fitirji  rr.::::i»  *  ::   ::.:■:.   !■'«>■:  %-• ".  ■-.■::>"   :han  0000  feet   per  ininuti'  is 
-w=«:n:e.L  •■■  :.".".  -a    :*,  r  :":•    v;,ri  i>  .-•■::- i::i<»ns  of  operation.     Averai?' 
-*■•:■■-  c:.v->  ::.-.     .:>:..:.:  :.v.  •  :  :::::•■:.    2">0    a  value  of  0.3  instead  J 
'  .7^-  t:>".  >'■ :  ::.  ::.>     ■:.:.!  .::.".. 

Z» "-.-.;: :    "2""    ^".\  ■  -  -..-.-:...:   ry  r-:s:>s  for  pipes  under  100  feet  in 

--vTi  .z. :    •  •  w  ■- ■-.   :  ..:.;  >  ::.  :.-.  >  ::•  diameter;    for  larger  diameters 

-  ■-:  »::■■      ..".  i  ..:-..>:■.:  *.:'::  :. :  vantage:   for  smaller  diameter? 

*  r---r     =.;-■>•-    -    -..:.'.      -.:.:■■>. it  ion  would  cause  considerable 

*r'   .   t»=rrir   ...  -  .:"  ::.-.  approved  formulas  in  Table  116 

m  >■    ■  -  s  -V.-.V-   Fr.v.r.  Juno,  1907,  p.  377. 
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l  targe  drop  in  pressure  means  a  small  pipe  and  high  velocity  witt 

quent  decrease   in  condensation,   but  a  point  is  soon   reached 

here  the  economy  in  the  size  of  pipe  is  more  than  offset  by  the  loss 


.  ..:... .-....;  ...  . : :;  ,.-. . :-...:.'   ::-;■ 

/      -;      -''  ■■■  A  '■■■  7  : 7: 

Flo.  484.      Drop  in  Pressure  for  Vnrious  Velocities  nncl  Pipe  Silcs.      Initial  Pressure  100 
Poiiuds  Guuge.  Length  of  Pipe  10(1  feet. 

in  friction.  There  seems  to  be  no  fixed  rule  for  determining  the  drop 
most  suitable  for  any  given  set  of  conditions,  In  current  practice  the 
drop  in  pressure  between  boiler  and  engine  ranges  from  a  fraction  of 
one  pound  to  four  pounds  per  square  inch  per  100  feet  of  pipe,  with  an 
average  between  one  ami  two  pounds. 
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Table  110  giv**-  a  rW  of  the  best-known  formulas  for  the  flow  of 
steam,  and  Table  117  a  comparison  between  them  with  respect  to 
velocity,  weight  discharged,  diameter,  and  the  drop  in  pressure. 

Forrriiiht  11.  Table  llo.  is.  the  most  commonly  accepted,  and  the 
curves,  in  Fig.  4S4  are  based  upon  it.  assuming  a  steam  pressure  of  100 
pound*  absolute  and  pip*?  lengths  of  100  feet.  Within  the  limit  of 
12,f*X)  feet  per  minute  velocity  and  10  pounds  per  square  inch  drop  in 
pressure  the  curves  are  sufficiently  accurate  for  all  practical  purposes, 
but  Uyond  this  range  the  results  are  purely  conjectural  and  may  not 
be  accurate,  as  no  record wl  experiments  have  been  conducted  at  these 
high  velocities  or  with  pipes  of  large  diameters. 

Though  applicable  directly  to  pipes  100  feet  long  with  mean  pres- 
sure of  100  fjounds  per  .square  inch  absolute,  they  may  be  used  for  any 
length  or  pressure.  For  example,  for  any  length  other  than  100  feet, 
multiply  the  drop  given  in  the  curves  by  the  required  length  in  feet 
and  divide  by  100.  For  any  pressure  other  than  100  pounds  abso- 
lute, divide  the  drop  given  in  the  curves  by  0.2271  (density  of  steam 
in  pounds;  and  multiply  by  the  density  of  steam  at  the  required  pres- 
sure. 

Table  1  IS  is  the  table  ordinarily  used  in  connection  with  the  flow  of 
Htcjmi  and  is  calculated  from  equation  11.  Table  119  is  based  upon 
equations  '  1;  to  (12).  The  results  differ  slightly  from  those  in  Table  118, 
though  the  latter  is  more  comprehensive.  The  left-hand  half  of  Table 
110  gives  the  discharge  in  pounds  per  minute  for  pipes  of  various 
diameter.-  corrc>ponding  to  drop  of  pressure  as  given  on  the  righ^t-hand 
side  in  the  same  horizontal  line;  e.g.,  a  G-inch  pipe  100  feet  long  dis- 
charge- :\7\  pounds  of  steam  per  minute  for  a  drop  of  16.4  pounds  at 
100  pound-  pressure. 

The  curve-  in  Fig.  4N.r>  offer  a  simple  means  of  calculating  velocities, 
discharge,  :m<l  -ize  of  pipe  for  various  conditions  of  flow.  The  curves 
are  plotted  for  saturated  steam  only.  For  superheated  or  moist  steam 
sul»titute  from  .-team  tables  pressures  corresponding  to  densities  and 
follow  chart  a-  directed. 

Example  Allow  ipl»  a  velocity  of  f>(H)0  feet  per  minute,  what  size  of 
pipe  i.-  nece»ar\  io  deliver  N000  pounds  of  steam  per  hour  at  120 
pounds  gauge  pres-urc? 

Trace  r>000  f.-ct  velocity  line  to  120  pounds  gauge  line.  From  inter- 
-.  ■■•i.»u  follmv  horizontally  to  "S000  pounds  of  steam  per  hour1*  and 
r-     :  :  • -a rest  >ize  of  pipe,  \iz..  1  inches. 

"'.-■    ,-./»;    Kind  velocity  of  steam  in  a  0-inch  pipe  delivering  20.000 
.-     :  -team  per  hour  at  s.">  pounds  gauge  pressure. 

v.-    line  repiv-«-uting  20.000  pounds  per  hour  until  it  inter- 
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TABLE  118. 


FLOW   OF   STEAM   THROUGH    PIPES    (BABCOCK). 


nitial  Pros- 

Diameter  of  Pipe,  in  Inches.    Length  of  each  =  240  diameters. 

sure  by 

Gauge. 

bounds  per 

i 

1 

li 

2 

2* 

3 

4 

Iquare  Inch. 

Weight  of  Steam  per  Minute,  in  pounds,  with  One  Pound  Loss  of  Pressure. 

1 

10 

20 

30 

40 

50 

60 

70 

80 

90 

100 

120 

150 

1.16 
1.44 
1.70 
1.91 
2.10 
2.27 
2.43 
2.57 
2.71 
2.83 
2.95 
3.16 
3.45 

2.07 
2.57 
3.02 
3.40 
3.74 
4.04 
4.32 
4.58 
4.82 
5.04 
5.25 
5.63 
6.14 

5.7 

7.1 

8.3 

9.4 

10.3 

11.2 

11.9 

12.6 

13.3 

13.9 

14.5 

15.5 

17.0 

10.27 
12.72 
14.94 
16.84 
18.51 
20.01 
21.38 
22.65 
23.82 
24.92 
25.96 
27.85 
30.37 

15.45 
19.15 
22.49 
25.35 
27.87 
30.13 
32.19 
34.10 
35.87 
37.52 
39.07 
41.93 
45.72 

25.38 
31.45 
36.94 
41.63 
45.77 
49.48 
52.87 
56.00 
58.91 
61.62 
64.18 
68.87 
75.09 

46.85 

58.05 

68.20 

76.84 

84.49 

91.34 

97.60 

103.37 

108.74 

113.74 

118.47 

127.12 

138.61 

Diameter  of  Pipe,  In  Inches.     Length  of  each «  240  diameters. 

liti&l  ires- 
re  by  Qauge. 
tounds  per 
juarelnch. 

5 

6 

8 

10 

12 

15 

« 

18 

Weight  of  Steam  per  Minute,  in  Pounds,  with  One  Pound  Loss  of  Pressure. 

1 

10 

20 

30 

40 

50 

60 

70 

80 

90 

100 

120 

150 

77.3 
95.8 
112.6 
126.9 
139.5 
150.8 
161.1 
170.7 
179.5 
187.8 
195.6 
209.9 
228.8 

115.9 
143.6 
168.7 
190.1 
209.0 
226.0 
241.5 
255.8 
269.0 
281.4 
293.1 
314.5 
343.0 

211.4 
262.0 
307.8 
346.8 
381.3 
412.2 
440.5 
466.5 
490.7 
513.3 
534.6 
573.7 
625.5 

341.1 
422.7 
496.5 
559.5 
615.3 
665.0 
710.6 
752.7 
791.7 
828.1 
862.6 
925.6 
1009.2 

502.4 

622.5 

731.3 

824.1 

906.0 

979.5 

1046.7 

1108.5 

1166.1 

1219.8 

1270.1 

1363.3 

1486.5 

804 
996 
1170 
1318 
1450 
1567 
1675 
1774 
1866 
1951 
2032 
2181 
2378 

1177 
1458 
1713 
1930 
2122 
2294 
2451 
2596 
2731 
2856 
2975 
3193 
3481 

For  any  other  length  divide  240  by  the  given  length  expressed  in  diameters  and  multiply 
4  tabular  quantity  by  the  square  root  of  this  quotient,  which  will  give  the  flow  for  one  pound 
m  of  pressure.  Conversely,  dividing  the  given  length  by  240  will  give  the  loss  of 
r  the  flow  given  in  the  table. 
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"8-inch  pipe"  line.  Follow  horizontally  to  "85  pounds  gauge" 
m!  read  7350  feet  per  minute. 

JZxample:  Allowing  a  velocity  of  6000  feet  per  minute  through  an 
•uch  pipe,  find  the  pounds  of  steam  flowing  per  hour  at  100  pounds 
Mige. 

Trace  the  "6000  feet  per  minute"  velocity  line  until  it  intersects 
100  pounds  pressure"  line.  Follow  horizontally  to  8-inch  pipe  line 
Dbd  read  32,200  pounds. 

997.  Equation  of  Pipes. —  It  is  frequently  desirable  to  know  what 
Umber  of  one  sized  pipes  will  be  equal  in  capacity  to  another  pipe. 

According  to  the  formulas  in  Group  II,  Table  117,  the  weights  dis- 
harged  vary  with  the  square  root  of  the  fifth  power  of  the  diameter; 
bat  is,  the  number  of  pipes  equal  in  capacity  to  any  given  pipe  may 
>e  determined  from  the  equation 

Nx  =  &  4-  df,  (257) 

in  which  Ni  =  number  of  pipes  of  diameter  d\  equal  in  capacity  to  a 
pipe  of  diameter  d;  di  and  d  in  inches. 

According  to  the  formulas  in  Group  I,  Table  117,  the  weights  dis- 
charged vary  as  <  d5  -r-  N  +"^~)c   anc^  ^e  equation  becomes 

d5 , 

(258) 


N        /_£_ 


/*(*  +  8,8)\  ■ 

U6  (d  +  3.6V  C      ' 

d*  Vdt  +  3.6 


d,3  Vd  +  3.6 


(260) 


From  (257)  and  (260)  we  see  that  the  values  of  Ni  are  practically 
the  same  for  either  equation  when  the  ratio  of  d  to  d\  is  small  and  that 
they  differ  widely  for  large  ratios.  For  example,  according  to  (257), 
5.7  eight-inch  pipes  are  equivalent  in  capacity  to  one  sixteen-inch 
pipe,  whereas  (259)  gives  6.15.  The  difference  is  negligible.  Again, 
according  to  (257),  180  two-inch  pipes  are  equivalent  in  capacity  to 
one  sixteen-inch  pipe,  whereas  (260)  gives  274.  The  difference  is  con- 
siderable. Equation  (260)  is  most  commonly  accepted  and  is  the  basis 
of  Table  120. 

378.  Friction  through  Valves  and  Fittings.  —  The  formulas  out- 
lined in  Table  116  are  strictly  applicable  only  to  well-lagged  pipes,  free 
from  bends  or  obstructions  of  any  kind  such  as  valves  or  fittings, 
jfcich  greatly  increase  the  resistance  of  the  flow  of  steam.     If  these 


t 
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abstractions  must  be  considered,  it  is  customary  to  allow  for  them  by 
assuming  an  added  length  of  straight  pipe  equivalent  in  resistance 
to  the  various  fittings  and  bends.  Unfortunately,  the  few  tests  which 
have  been  made  for  the  purpose  of  determining  the  resistance  of  vari- 
ous pipe  fittings  give  discordant  results,  and  in  the  absence  of  more 
recent  data  the  rules  given  by  Briggs  ("Warming  Buildings  by  Steam") 
are  probably  as  accurate  as  any. 

According  to  Briggs,  the  length  of  pipe  in  inches  equivalent  to  the 
resistance  of  one  standard  90-degree  elbow  is 

L  =  76d-^(l+^)  (261) 

and  to  that  of  one  globe  valve 

+  0+1?)'  •     (262) 


L  =  114d 


The  resistance  of  gate  valves  is  not  considered. 

379.  Exhaust  Piping,  Condensing  Plants.  —  The  exhaust  piping  in 
condensing  plants  is  arranged  either  according  to  (1)  the  independent 
or  (2)  the  central  condensing  system.  In  the  former  each  engine  is 
provided  with  an  independent  condenser  and  air  pump.  In  case  the 
vacuum  " drops"  or  it  is  desired  to  operate  non-condensing,  the  steam 
is  discharged  through  a  branch  pipe  with  relief  valve  to  the  atmosphere, 
Tigs.  3  and  326.  When  there  are  a  number  of  engines  in  one  installa- 
tion the  atmospheric  pipes  lead  to  a  common  free  exhaust  main,  which, 
on  account  of  its  great  size,  is  ordinarily  constructed  of  light-weight 
riveted  steel  pipe.  The  short  connection  between  engine  and  condenser 
is  usually  made  with  lap-welded  steel  pipe,  since  riveted  joints  are  apt 
to  leak,  due  to  the  engine  vibrations.  In  a  central  condensing  plant, 
Pig.  333,  the  several  engines  exhaust  through  a  common  main  into  a 
single  large  condenser.  An  atmospheric  relief  valve  is  usually  provided 
in  connection  with  the  condenser,  and  no  free  exhaust  main  is  necessary. 
Several  arrangements  of  condenser  piping  are  illustrated  in  Figs.  326 
to  333. 

380.  Exhaust  Piping,  Non-condensing  Plant.  Webster  Vacuum  System. 
—  In  the  majority  of  non-condensing  plants  the  exhaust  steam  is 
used  for  heating  purposes.  One  of  the  best-known  systems  of  exhaust 
steam  heating,  in  which  the  back  pressure  on  the  engine  is  reduced  by 
circulating  below  atmospheric  pressure,  is  that  known  as  the  Webster 
combination  system.  The  general  arrangement  is  illustrated  in  Fig.  2 
and  the  principles  of  operation  are  described  in  paragraph  3.  It  has 
the  advantage  of  affording  (1)  minimum  back  pressure  on  the  engine: 
(2)  effective  and  continuous  drainage  of  condensation  from  suppl; 
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I  radiators;  (3)  continuous  removal  of  air  and  entrained  moisture 
m  confined  spaces;  (4)  independent  regulation  of  temperature  in 
In  radiator;  (5)  continuous  return  of  condensation  to  the  boiler; 
utilization  of  part  of  the  exhaust  steam  for  preheating  the  feed 
t«r;  and  (7)  automatic  regulation.  Fig.  486  gives  a  diagrammatic 
angement  of  the  piping  and  appurtenances  in  a  typical  installation. 
e  characteristic  feature  of  this  system  is  the  automatic  outlet  valve 
■ached  to  each  part  requiring  drainage,  which  permits  both  the  water 
condensation  and  the  non-condensable  gases  to  be  removed  continu- 
sly.  The  radiator  temperature  may  be  regulated  by  varying  the 
antity  of  steam  supplied,  either  by  hand  or  automatically  by  thermo- 
itic  control.  The  Webster  valve,  Fig.  487,  enables  the  vacuum  to 
thdraw  the  water  of  condensation  as  fast  as  it  is  formed  irrespective 


the  pressure  in  the  radiator;  hence  the  supply  may  be  throttled  to 
ch  an  extent  that  the  temperature  in  the  radiator  is  practically  as  low 

that  of  steam  corresponding  to  the  pressure  in  the  vacuum  line, 
he  small  annular  space  between  the  inner  tube  of  the  float  F  and  the 
tide  H  permits  of  a  vacuum  in  the  body  of  the  valve.  When  the  water 
am  the  radiator  lifts  the  float  the  water  is  drawn  into  the  returns  pipe, 
ae  valve  then  returns  to  its  seat  and  the  escape  of  steam  is  prevented, 
eept  such  as  finds  its  way  through  the  annular  space  around  the 
tide  stem  H.  An  improvement  on  this  valve  which  prevents  the 
cape  of  steam  is  illustrated  in  Fig.  488.  When  steam  is  admitted  to 
«  radiator  the  condensation  flows  into  the  valve,  righting  the  float  A 
id  sealing  the  outlet  B  against  the  passage  of  steam;  as  the  valve 
Is  with  water  the  buoyancy  of  the  float  raises  it  from  its  seat  and 
:nnits  the  water  to  be  drawn  out;  the  float  falls  and  reseats  on  the 
pple  when  about  a  half-inch  of  water  remains  in  the  valve,  thn* 
aintaining  a  water  seal. 
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Screen  D  prevents  scale  and  dirt  from  entering  the  valve  proper, 
ly-pass  H  is  for  emergency  use  in  draining  off  accumulated  water  in 
lie  radiator  in  case  the  valve  becomes  stopped  up,  and  permits  the 
onnet  to  be  removed  with-       aucrion  mi™* 

ut  trouble  from  the  accu- 
mulated water. 
381.  Exhaust  Piping,  Non- 
andenslng  Plants.  Paul 
[eating  System.  —  The  Paul 
acuum  system  differs  from 
he  Webster  in  that  the 
ondensation,  and  the  air 
nd  non-condensable  gases  | 
re  separately  bandied.  * 
leferring  to  Fig.  489,  which  s 
ives  a  diagrammatic  ar- 
angement  of  the  piping, 
he  condensed  steam  gravi- 
ates  to  the  automatic  re- 
ams lank  and  pump  and  is 
umped  either  directly  to 
he  boiler  or  through  the 
eater  to  the  boiler.  Air 
nd  vapor  are  withdrawn  from  the  upper  part  of  the  radiator  by  the 
*avl  exhauster  or  ejector  E,  and  discharged  into  the  returns  tank, 
rhich  is  vented  to  the  atmosphere  for  the  escape  of  the  non-condensable 
wMawa  gases.     The  exhauster  receives 

its  supply  of  steam  through  pipe 
O,  Fig.  490,  which  shows  the 
general  arrangement  of  this 
apparatus.  The  piping  is  in 
duplicate  to  guard  against  failure 
to  operate.  The  suction  side  of 
the  exhauster  is  connected  with 
the  air  pipes  A,  A,  Fig.  489. 
Fig.  491  gives  a  section  througli 
the  Paul  air  or  vacuum  valve 
rtrich  prevents  steam  from  blowing  into  the  air  pipes  and  permits  only 
ir  to  pass.  In  Fig.  489  the  heating  system  is  piped  on  what  is  known 
is  the  "one-pipe  down-feed"  principle;  i.e.,  the  exhaust  steam  is  first 
anducted  to  a  distributing  header  in  the  attic,  from  which  the  variom* 
mpply  pipes  arc  led  to  the  radiators.     The  water  of  condeu 


490.     Paul  Exhauster. 


Fro.  491.    PaulVi 
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returns  through  these  same  pipes  and  gravitates  to  the  returns  pump. 
Both  the  supply  steam  and  the  condensation  flow  in  the  same  direction. 
This  system  is  also  piped  on  the  "one-pipe  up-feed,"  the  "two-pipe 
up-feed,"  and  the  "two-pipe  down-feed"  principle.  The  "one-pipe 
up-feed"  differs  from  the  system  just  described  in  that  the  steam 
flows  upward  through  the  risers  and  does  away  with  the  attic  piping. 
The  returns,  however,  flow  against  the  current  of  steam,  and  wale 
hammer  is  more  likely  to  occur  than  with  the  down-feed  system. 
In  the  two-pipe  systems  the  steam  supply  pipes  or  risers  conduct 
steam  only,  and  the  returns  carry  the  condensation.  The  one-pipe 
down-feed  is  cheaper  and  simpler  and  practically  as  efficient  as  the 
two-pipe  system  under  normal  conditions.  It  is  objectionable,  however, 
due  to  the  difficulty  of  draining  the  radiator  with  closely  throttled 
supply  valve,  since  the-  velocity  of  the  entering  steam  prevents  the 
water  from  returning  through  the  same  orifice. 

H^  382.  Automatic    Temperature     Control 

Experience  shows  that  a  considerable  saving 
in  fuel  may  be  effected  in  the  heating  plants 
of  tall  office  buildings  and  similar  plants  by 
automatically  controlling  the  temperature. 
Hand-controlled  valves  are  usually  left  wide 
open,  and  when  the  room  becomes  too  hot 
the  temperature  is  frequently  lowered  hv 
opening  the  window,  resulting  in  a  waste  of 
heat  which  may  be  considerable  in  modem 
buildings  with  hundreds  of  offices.  Many 
successful  methods  of  automatic  temperature 
control  arc  available,  the  usual  system 
consisting  of  thermostats  which  control  the 
supply  of  heat  by  means  of  diaphragm  vain*. 
the  latter  taking  the  place  of  the  usual 
radiator  supply  valve. 

Fig.  492  shows  a  Powers  thermostat.    The 

expansible  disk  V  contains  a  volatile  liquid 

having  a  boiling  point  of  about  50  degrees 

F.    The  pressure  of  the  vapor  within  thedisk 

at  a  temperature  of  70  degrees  amount.-  tosis 

m.  pounds  to  the  square  inch,  and  varies  with 

uperature,  causing  a  variation  in  the  thickness  of  the 

ttached  by  u  single  screw  0  to  the  lever  Q,  which  rests 

is  a  fulcrum.     The  Hat  spring  R  holds  the  lever  and 

ivable  flange  -1/.     Connecting  with  the  chamber .V are 
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ir  passages  H  and  /.  The  thermostat  is  attached  by  means  of  two 
s  at  the  upper  end  to  a  wall  plate  permanently  secured  to  the  wall, 
wall  plate  has  ports  registering  with  H  and  /,  one  for  supplying 
nder  pressure  and  the  other  for  conducting  it  to  the  diaphragm 
r  which  operates  the  valve  or  damper.  Air  is  admitted  through 
ider  a  pressure  of  about  fifteen  pounds  per  square  inch,  and  its 
ge  into  chamber  N  is  regulated  by  the  valve  J,  which  is  normally 
bo  its  seat  by  a  coil  spring  under  cap  P.  K  is  an  elastic  diaphragm 
ing  the  flange  M ,  with  escape  valve  passage  covered  by  the  point 
Jve  L.  Valve  L  tends  to  remain  open  by  reason  of  the  spring. 
1  the  temperature  rises  sufficiently 
ision  of  the  disk  U  first  causes  the 
>  to  seat,  its  spring  being  weaker  than 
above  valve  J.  If  the  expansive 
>n  is  continued,  valve  J  is  lifted  from 
3at  and  compressed  air  flows  into 
iber  N,  exerting  a  pressure  upon  the 
c  diaphragm  K  in  opposition  to  the 
isive  force  of  the  disk.  If  the  tem- 
ure  falls,  the  disk  contracts  and  the 
>alancing  air  pressure  in  N  results  in 
erse  movement  of  the  flange  M,  per- 
ng  the  escape  valve  to  open  and  dis- 
;e  a  portion  of  the  air;  thus  the  air 
ure  is  maintained  always  in  direct 
>rtion  to  the  expansive  power  (and 
erature)  of  the  disk  [/.  The  passage 
nmunicates  with  a  diaphragm  valve,  Fig.  493.  The  compressed  air 
ttes  the  diaphragm  against  a  coiled  spring  resistance,  so  that  the 
»ment  is  proportional  to  the  air  pressure  and  the  supply  of  steam 
oiled  accordingly.  The  adjusting  screw  G,  squared  to  receive  a 
carries  an  indicator  by  means  of  which  the  thermostat  can  be  set 
rry  any  desired  temperature  within  its  range,  usually  from  60  to  80 
*es.  In  changing  the  temperature  adjustment  lever  Q  forces  the 
U  closer  to  or  farther  from  the  flange  M. 

connecting  up  the  system  compressed  air  is  carried  to  the  thermo- 
and  diaphragm  valves,  from  a  reservoir  through  small  concealed 


Fig.  493.     A  Typical  Diaphragm 
Valve. 


t. 


the  indirect  system  of  heating  the  dampers  are  of  the  diaphragm 
and  the  method  of  regulation  is  the  same  as  with  the  direct  system. 
.  Feed-water  Piping.  —  The  simplest  arrangement  of  feed-water 
Lg  may  be  found  in  non-condensing  plants,  in  which  the  fen 
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is  obtained  under  a  slight  head,  such  as  is  afforded  by  the  average  dtf 
supply,  and  is  heated  in  an  open  heater  by  the  exhaust  steam  from  the 
engine  to  a  temperature  varying  from  180  to  210  degrees  F.  The  hot 
feed  water  gravitates  from  the  heater  to  the  pump  and  then  is  forced 
to  the  boiler,  or  to  the  economizer  if  one  is  used.    If  a  meter  is  used 


L -o. i 


Fig.  494.     Feed-water  Piping;   Non-condensing  Plant. 


it  is  generally  placed  on  the  discharge  side  of  the  pump,  and  should  be 
by-passed  to  permit  it  to  be  cut  out  for  repairs  (Fig.  494).  Ptafr 
operating  continuously  should  have  feed  pumps  in  duplicate.  In  some 
cases  the  returns  from  the  heating  system  gravitate  to  the  heater  and 
only  enough  cold  water  is  added  to  make  up  the  loss  from  leakage,  etc. 


■•***•  CO«MHHl 


Fn...  V.io.     F«*rd-\vat«»r  Piping;   Condensing  Plant. 

.".  other  cases  the  returns  gravitate  to  a  special  "returns  tank,' 

=■".:  ii  thny  are  puin])ed  directly  to  the  boiler  without  further  heating- 

"  ■.>:■".  r^lly  a  live-steam  purifier  is  used,  especially  if  the  water  contains 

."-  -•-rcentage  of  calciuin  sulphate.     The  feed  is  then  subjected*0 

-*•   ■pe~*;re  and  temperature  and  the  greater  part  of  the  impurity 

-----  -.•  .r— -.  -More  it  enters  the  boiler.     Closed  heaters  are  often  usd 
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in  heaters.    When  the  supply  is  not  under  head  a  closed 

lly  preferred  and  is  placed  between  the  pump  discharge 

nain. 

ng  plants  the  feed  piping  is  similar  to  that  in  non-con- 

,  except  that  if  exhaust  steam  is  used  for  heating  purposes 

by  the  auxiliaries,  such  as  feed  pumps,  stoker  engines, 

nes,  and  other  steam-using  appliances. 

wing  a  number  of  boilers  it  is  customary  to  run  a  feed 

r  the  full  length  of  the  boiler  room  and  connect  it  to  each 

ranch  pipe. 


:ut  into  sections  by  valves.  Another  arrangement  is  to 
r)s  so  as  to  feed  into  the  middle  of  the  header.  With  the 
ent  the  main  is  ordinarily  cut  into  sections  by  valves  so 
may  be  sent  either  way  from  the  pumps  and  any  defective 
t.  With  duplicate  mains  a  common  arrangement  is  to 
i  along  the  front  of  the  boiler  and  the  other  at  the  rear 
?ad  as  in  Fig.  482.  Sometimes  one  main  is  placed  in 
y  below  the  boiler  setting  and  the  other  on  top. 
ought-iron  pipe  is  usually  used  for  pressures  under  lfW 
stra  heavy  pipe  for  greater  pressures.     The  pi 


730 


STEAM  POWER  PLANT  ENGINEERING 


fittings  from  boiler  to  main  are  frequently  of  brass,  and  preferably 
since  brass  withstands  corrosive  action  much  better  than  iron  or  st 
Flanged  joints  should  be  used  in  all  cases,  since  the  pockets  formed 
the  ordinary  screwed  joints  hasten  corrosion  at  those  points.  (Poi 
June,  1902,  p.  4.) 

Fig.  497,  A  to  E,  illustrates  the  various  combinations  of  check  va 
stop  valves,  and  regulating  valve  in  steam  boiler  practice.     The  simp 


(IX 


'Check 

-4  Regulating 


*8top 
Check 
H  Regulating 


-I  Regulating 
Check 


Check 
nStop 


HStop 
•  Cheek 
i-iRegolatiaf 

HStop 


Main  Feed  Header 

Fig.  407.    Different  Arrangements  of  Valves  in  Feed-water  Branch  Pipes. 


arrangement  and  one  sometimes  used  in  plants  operating  intermitten 
is  shown  in  A.  Here  there  are  but  two  valves  between  the  boiler  a 
the  main,  the  check  being  nearest  the  boiler  and  the  stop  valve  at  t 
main.  The  stop  valve  performs  both  the  function  of  cutting  out  t 
boiler  and  of  regulating  the  water  supply.  This  arrangement  is  n 
recommended,  as  any  sticking  or  excessive  leaking  of  the  check  val 
will  necessitate  shutting  down  the  boiler.  B  shows  the  most  comn* 
arrangement.  Here  the  check  valve  is  placed  between  the  regulatii 
valve  and  a  stop  valve  as  indicated.  This  permits  a  disabled  check' 
be  easily  removed  while  pressure  is  on  the  boiler  and  the  main.  £shoi 
an  arrangement  whereby  both  check  and  regulating  valve  may  t 
removed,  and  is  particularly  adapted  to  boilers  operating  continuous! 
where  the  regulating  valve  is  subjected  to  severe  usage.  In  this  <# 
the  stop  valves  are  run  wide  open  and  are  subjected  to  no  wear.  Tb 
regulating  valve  most  highly  recommended  is  a  self-packing  brass  glob 
valve  with  rcgrinding  disk.  The  check  valve  is  ordinarily  of  the «n* 
check  pattern  with  regrinding  disk,  Fig.  508  (C).  Modern  practie 
recommends  an  automatic  xcater  relief  valve  in  the  discharge  pipe  nn 
mediately  adjacent  to  each  pump  to  prevent  excessive  pressure  in  caa 
a  valve  i<  accidentally  closed  in  by-passing  or  in  changing  over. 

384.  Flow  of  Water  through  Orifices,  Nozzles,  and  Pipes.  —  B« 
nouili's  theorem  is  the  rational  basis  of  most  empirical  formulas w 
the  steady  How  of  a  fluid  from  an  up-stream  position  n  to  a  down-stittS 
position  tn,  thus  ("Mechanics  of  Engineering,"  Church,  p.  706): 
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^  +  !^  +  z- =  -  +  £;  +  ** - 

y        2g  7        2g 


all  losses  of  head 
occurring  between 
n  and  m 


(263) 


which 

V  =  velocity  in  feet  per  second  at  the  point  considered. 

P  =  pressure  in  pounds  per  square  foot. 

Z  =  potential  head  in  feet  of  the  fluid. 

7  =  density  of  the  fluid,  pounds  per  cubic  foot. 

g  =  acceleration  of  gravity. 

yi 
Each  loss  of  head  will  be  of  the  form  K  -zr—  in  which  K  is  the  coefficient 

resistance  to  be  determined  experimentally.    The  loss  of  head  due  to 
In  friction  is  expressed: 

H  =  4fld*fg>  (264) 

which 

/  =  the  coefficient  of  friction  of  the  fluid  in  the  pipe. 
I  =  length  of  the  pipe  in  feet. 
d  =  diameter  of  the  pipe  in  feet. 
Other  notations  as  in  (263). 

Discharge  from  a  circular  vertical  orifice  with  sharp  corners: 

Q  =  CA  V2tfi,  (265) 

Trtiich 

Q  =  cubic  feet  per  second. 

C  =  coefficient,  varying  from  0.59  to  0.65  (Merriman,  "Treatise  on 

Hydraulics,"  p.  118). 
4  =  area  of  the  orifice,  square  feet. 
h  =  head  of  water  in  feet. 
g  =  acceleration  of  gravity  =  32.2. 

discharge  from  short  cylindrical  nozzles  three  diameters  in  length,  with 
'Tided  entrance  ("Mechanics  of  Engineering,"  Church,  p.  690): 

Q  =  0.815  A  V2gh.  (266) 

discharge  from  short  nozzles  with  well-rounded  corners  and  conical 
-vergent  tubes,  angle  of  convergence  13£  degrees  (Church,  p.  693) : 

Q  =  0.94  A  \Z~2gh.  (267) 

discharge  from  cylindrical  pipe  under  500  diameters  in  length  (Church, 
7 12):  

d"h  (268) 


Q  =  6.3  \/ 


(l  +  0.5)d  +  4/r 
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in  which 

/  =  coefficient  of  friction. 
Other  notations  as  above. 

/  varies  with  the  nature  of  the  inside  surface,  the  diameter  of  tl 
pipe,  and  the  velocity  of  flow. 

Discharge  through  very  long  cylindrical  pipes  ("Mechanics  of  Engine? 

ing,"  Church,  p.  715):  

/M 

fl' 


Q  =  3.l5y/ 


(26! 


TABLE   OF  THE   COEFFICIENT  /  FOR   FRICTION    OF  WATER  IN  CLEAN 

IRON    PIPES. 

(Abridged  from  Fanning.) 


Velocity  in 
Ft.  per  Sec. 

Diana. 

Diam. 

Diam. 

Diam. 

Diam. 

Diam. 

Dum. 

-J  in. 
-.0417  ft. 

■=-1  in. 
-  .0834  ft. 

=  2  in. 
-.1667  ft. 

=  3  in. 
-  .25  ft. 

-4  in. 

=-  .333  ft. 

=  6  in. 
-.50  ft. 

~8  in. 
=  .M7fl 

0.1 

.0150 

.0119 

.00870 

.00800 

.00763 

.00730 

.0071 

0.3 

.0137 

.0113 

850 

784 

750 

720 

fl 

0.6 

.0124 

.0104 

822 

767 

732 

702 

67 

1.0 

.0110 

. 00950 

790 

743 

712 

684 

«5 

1.5 

.00959 

. 00868 

.00757 

.00720 

.00693 

.00662 

.0064 

2.0 

.00862 

810 

731 

700 

678 

648 

« 

2.5 

795 

768 

710 

683 

662 

634 

61 

3.0 

.00753 

.00734 

.00692 

.00670 

.00650 

.00623 

.006( 

4  0 

722 

702 

671 

651 

631 

607 

5t 

6.0 

689 

670 

640 

622 

605 

582 

U 

8.0 

663 

646 

618 

600 

587 

562 

& 

12.0 

630 

614 

590 

582 

560 

540 

5! 

16.0 

.00618 

. 00600 

.00581 

.00570 

.00552 

.00530 

.005 

20.0 

615 

598 

579 

566 

549 

525 

51 

Velocity  In 
Ft.  i*t  Sir. 


0  1 

0  3 

0  6 

1  0 

1  5 

2  0 
2  5 


o 


0 

4  0 
6  0 

5  0 
12  0 
16  0 
20  0 


Dinni. 
10  in. 
.833  ft, 


.00684 
673 
659 
643 

.00625 
600 
5% 

00584 
56s 
54* 
532 
5 1  2 

00:»02 
4us 


Diam. 

-■  12  in. 
-  1.00  ft. 


00669 
657 
642 
624 

00607 
593 
5S1 

00570 
553 
534 
520 
500 

004H1 
4n5 


Diam. 
=  lfi  in. 
-  1.333  ft 


Diam. 
20  in. 
1.667  ft. 


Diam. 
30  in. 
2.50  ft. 


. 00623 
614 
603 
588 

.00572 
559 
54S 

.00538 
524 
507 
401 
47S 

.00470 


.00578 
567 
555 

.00542 
529 
51 8 

. 00509 
49S 
4S2 
470 
4o< 

.00450 


00504 
492 

00482 
470 
460 

00452 
441 
430 
422 
412 

.00406 


Diam. 
40  in. 
3.333  ft 


Diss 
60  io 
5.  ft. 


.00434 
428 

.00421 
416 
410 

.00407 
400 
391 
384 
377 

.00370 


.0°: 
oo; 


OK 
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Loss  of  head  due  to  friction  in  water  pipes.*    Weisbach's  formula,  is 
follows: 

rr      LM**   ,    0.01716N    LV*  /ftmx 

H  =  {0MU+-^)]^fl,  (270) 

which 

H  =  friction  head  in  feet. 

V  =  velocity  in  feet  per  second. 

L  =  length  of  pipe  in  feet. 

d  =  diameter  of  pipe  in  inches. 

William  Cox  (American  Machinist,  Dec.  28,  1893)  gives  a  simple 
Formula  which  gives  almost  identical  results: 

(4T"  +  5F-2)L 

H 1200d (271) 

Notations  as  in  (270). 

Loss  of  head  due  to  friction  of  fittings.  Formulas  (268)  to  (271)  are 
based  on  the  flow  of  water  through  clean  straight  cylindrical  pipes. 
Where  there  are  bends,  valves,  or  fittings  in  the  line  the  flow  is  decreased 
on  account  of  the  additional  resistance. 

These  frictional  losses  are  conveniently  expressed  in  feet  of  water, 
thus: 

H  =  cfg,  (272) 

C  having  the  following  values: 

Angles.  Class  of  Valve. 


45  degrees.      90  degrees.  Gate.     Globe.     Angle. 

C  0.182  0.98  0.182       1.91        2.94 

Example:  Determine  the  pressure  necessary  to  deliver  200  gallons  of 
water  per  minute  through  a  4-inch  iron  pipe  line  400  feet  long,  fitted 
with  four  right-angle  elbows  and  two  globe  valves.  The  water  is  to 
be  discharged  into  an  open  tank. 

A  flow  of  200  gallons  per  minute  gives  a  velocity  of 

»  ao  w  en  w  10  to  =  5  feet  per  second  (7.48  =  number  of  gallons  per 
J .4o  XoOX  1Z.1& 

cubic  foot,  and  12.72  =  internal  area  of  the  pipe,  square  inches). 
From  the  preceding  table,  /  =  0.00618  for  V  =  5. 

From  (272), 

25 
Resistance  head  of  4  elbows  =  0.98  X  ^j-4  *  *  =  **52  feet. 

*  See  also,  Friction  Formulas  for  Commercial  Pipe,  by  Ira  N.  Evans,  Powi- 
July  9,  1912,  p.  54. 
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Resistance  head  of  2  globe  valves: 

L91  Xht^  X2  =  1.48  feet. 
64.4 

Resistance  head  of  all  fittings: 

1.52  +  1.48  =  3  feet. 

Substitute  V  =  5,  L  =  400,  and  d  =  4  in  (271). 

H  =  [ 120^X4 j400 

=  10.25  feet,  resistance  head  of  the  pipe. 

Total  resistance  head  =  10.25  +  3  =  13.25  feet  of  water,  or 
pounds  per  square  inch. 

Example:  How  many  gallons  of  water  will  be  discharged  per  mi 
through  above  line  with  initial  pressure  of  100  pounds  per  square 
and  what  will  be  the  pressure  at  the  discharge  end? 

Since  /  depends  upon  the  unknown  V,  we  may  put  /  =  0.006 
first  approximation  and  solve  for  V;  then  take  a  new  value  of , 
substitute  again,  and  so  on. 

Substitute  /  =  0.006,  d  =  ^ ,  h  =  100  X  2.3  =  230,  and  I  =  4 

(269) : 

Q  =  31     /O^+W 

*  V  0.006  X  400 

=  1 .95  cubic  feet  per  second,  corresponding  to  a  ve 
of  22  feet  per  second. 

From  the  preceding  table, 

/  =  0.00548  (by  interpolation)  for  V  =  22  feet  per  second. 

From  (272)  the  friction  of  4  elbows  and  2  globe  valves  is  foi 
be  58  feet  for  V  =  22. 

From  (164)  a  resistance  head  of  58  feet  of  water  for  V  =  22  is 
to  be  equivalent  to  136  feet  of  straight  pipe,  thus: 


mQ  _  /4  X222X  5  X  22  -  2\  T 

08  -  v      i2oox4      ; L- 


L  =  136. 


Li    =    lOO. 

Substitute/  =  0.0548,  I  =  400  +  136  =  536  in  (162): 

n  -  o  i  -  *  /  °-:*3S  X^~ 
W  "     '      V  0.0058X536 

=  1.74  cubic  feet  per  second,  corresponding  to  a 

ity  of  19.3  feet  per  second. 

=  780  gallons  per  minute. 
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greater  accuracy  is  necessary  determine  /  and  L  f or  V  =  19.3  and 

ed  as  above. 

e  total  friction  head  may  be  determined  from  (271),  thus: 

'4  X  19.3*  +  5  X  19.3  -  2\  ^ 


'-( 


1200X4 
=  177  feet  of  water 
-  77  pounds  per  square  inch. 

e  pressure  at  the  discharge  end  will  be 

100  —  77  =  23  pounds  per  square  inch. 

erage  power  plant  practice  gives  the  following  maximum  velocities 
>w  in  water  pipes: 


She  of  Pipe  in 
Inches. 


i  to  1} 
li  to  3 


Velocity,  Feet  per 
Minute. 


50 
100 
200 


Size  of  Pipe  in 
Inches. 


3  to  6 
Over  6 


Velocity,  Feet  per 
Minute. 


250 
300-400 


.  Stop  Valves.  —  The  valves  used  to  control  and  regulate  the 
of  fluids  are  the  most  important  element  in  afty  piping  system. 
od  valve  should  have  sufficient  weight  of  metal  to  prevent  distor- 
under  varying  temperature  and  pressure,  or  under  strains  due  to 
ection  with  the  piping;  the  seats  should  be  easily  repaired  or  re- 
d;  there  should  be  no  pockets  or  projections  for  the  accumulation 
-t  and  scale,  and  the  valve  stem  should  permit  of  easy  and  efficient 
ing.  Stop  valves  are  made  in  such  a  variety  of  designs  that  a 
description  will  be  given  of  only  a  few  fundamental  types. 
5.  498  shows  a  section  of  an  ordinary  globe  valve,  so  called  because 
ie  globular  form  of  the  casing.  This  type  of  valve  is  the  most 
aon  in  use.  Globe  valves  are  designated  as  (1)  inside  screw  and 
utside  screw,  according  as  the  screw  portion  of  the  stem  is  inside 
asting,  Fig.  498,  or  outside,  Fig.  499.  The  top,  or  bonnet,  may  be 
red  into  the  body  of  the  valve,  Fig.  498,  or  bolted,  Fig.  499.  The 
ler  sizes,  three  inches  and  under,  are  usually  of  the  screw-top  type 
the  larger  of  the  bolt4op  type.  Valves  with  outside  yoke  and  screw 
^referable  to  others  in  that  they  show  at  a  glance  whether  the 
*  is  open  or  closed,  an  advantage  in  changing  from  one  section  to 
her.  The  disks  are  made  in  a  variety  of  forms,  the  material 
nding  upon  the  nature  of  the  fluid  to  be  controlled.  Thus,  for 
water,  hard  rubber  composition  gives  good  results;  for  hot 
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and  low-pressure  steam,  Babbitt  metal;  for  high-pressure  steam, on 
or  bronze;  and  for  highly  superheated  steam,  nickel.  The  valve bafi 
are  of  brass  for  sizes  under  three  inches,  cast  iron  for  the  large  a 
and  ordinary  pressures  and  temperatures,  and  cast  steel  or  Bemkt* 
for  high  temperatures  and  pressures.  Globe  valves  should  always  I 
set  to  close  against  the  pressure,  otherwise  they  could  not  be  open 
if  the  valves  should  become  detached  from  the  stem.  Globe  wh 
should  never  be  placed  in  a  horizontal  steam  return  pipe  with  the  ste 
vertical,  because  the  condensation  will  fill  the  pipe  about  half  full  befo 


it  can  flow  through  the  valve.  Globe  valves  that  are  open  all  the 
are  preferably  designed  with  a  self-packing  spindle,  as  in  Fig.  49 
which  the  top  of  shoulder  C  can  be  drawn  tightly  against  the  u 
surface  of  bonnet  8,  thus  preventing  steam  from  leaking  past  the  s 
ihreads  while  the  spindle  is  lieijig  packed. 

Figs.  500  to  503  slum-  different  types  of  gate  or  straightway  vt 
ThtfSf  valves  offer  little  resistance  to  the  flow  of  steam  or  liquid  pa 
-arough  them,  and  are  generally  used  in  the  best  class  of  work.  Fig 
-dcv»  a  section  through  a  xtAUI-w&hje  gate  valve  with  outside  sere* 
-nicf.  This  form  of  outside  screw  and  yoke  with  stem  protrudirn 
T*ai  ~2*  band  wheel  is  a  perfect  indicator  to  show  whether  the  val 
>jn  a-  aua.  as  the  hand  wheel  is  stationary  and  the  spindle  ris 
n  to  the  amount  the  valve  is  opened.     For  these  re; 
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e  screw  valves  are  preferable  for  high -pressure  work  and  especially 
the  hirger  sizes.  The  seats  are  made  solid,  or  removable,  and  of 
jrfajUS  materials  for  different  pressures  and  temperatures.  Fig.  502 
•  nrs  a  section  through  n  splU'Weilge  Rate  valve  with  parallel  faces  and 
its,  For  the  sake  of  illustration  this  valve  is  fitted  with  inside  screw, 
this  design  the  spindle  remains  stationary  so  far  as  any  vertical 
■>vement  is  concerned,  and  the  gate  or  plug,  being  attached  to  it  by 
sans  of  a  threaded  nut,  rises  into  the  bonnet  when  the  spindle  is  re- 
ived.    It  is  impossible  to  tell  by  its  appearance  whether  this  form  of 


p. 500.  ATypkmlGit 
jyi  -  lid-wedge.  Bwet 
top,  Outride  Bcrew. 


iq.SOI.    ATypiralGate 

ve,  Solid- writer,  Bolt-top, 

I  Quid  e  Screw. 


FlO.  502.    A  Typical  Gate 

Valve,  Split-wedge,  Bolt-top, 

luside  Screw, 


Ive  is  open  or  closed.  Valves  with  inside  screw  are  adapted  to  situ*- 
ins  where  there  is  considerable  dirt  and  grit,  since  the  screw  is  taelond 
<!  protected,  and  excessive  wear  is  thus  avoided.  Gate  valves  with 
fit  gates  are  more  flexible  than  those  with  solid  gates,  and  hence  are 
;s  likely -to  leak.  Fig.  503  shows  the  application  of  the  gate  system 
an  angle  valve.  All  high-pressure  valves  above  8  inches  in  diameter 
niiM  be  provided  with  a  small  by-pass  valve,  as  the  pressure  exerted 
uirist  the  disk  or  gate  is  very  great  when  the  valve  is  closed  and  the 
-ce  required  to  move  it  is  considerable.  The  by-pass  valve  also 
lilitates  "warming  up"  the  .section  to  be  cut  in  and  is  more  r 
erated  than  the  main  valve. 


STEAM  POWER  PLANT  ENGINEERING 


738 


-Kg.    504    shows   *■ 
through  aa  automatic  non-retvrn  valve  as  applied  to  the  i 
steam  boiler.    As  will  be  seen  from  the  illustration  it  ) 
amounts  to  a  large  check  valve  with  cushioned  disk.    The  ol 
this  device  is  the  equalization  of  pressure  between  the  differeni  n 
the  battery,  the  valve  remaining  closed  aa  long  as  the  indtvkkul  hi 
pressure  is  lower  than  that  of  the  header.    In  ease  a  tube  blows  «t  M 
valve  closes  automatically,  owing  to  the  reduction  of  pressure,  sal 
prevents  the  header  steam  from  entering  the  boiler.    It  nets  akn  ail 


safety  stop  to  prevent  ateam  being  turned  into  a  cold  boiler  while  mo 
arc  working  inside,  because  it  cannot  be  opened  when  there  is  prevail 
on  the  header  side  only.  To  be  successful,  such  a  valve  should  not  opa 
until  the  pressure  in  the  boiler  is  equal  to  that  in  the  header;  it  shook 
not  stick  and  become  inoperative  nor  chatter  and  hammer  while  per 
forming  its  work.  Referring  to  Fig.  504,  tail  rod  E  insures  alignnwl 
and  hence  prevents  sticking;  steam  space  C  acts  as  a  dashpot  to  prewri 
hammering  of  the  valve  as  it  rises,  and  steam  space  D  acts  as  a  cusbifl 
and  prevents  hammering  at  closing.  Lip  F  is  made  to  enter  the  openiBj 
in  the  seat  and  reduce  wire  drawing  across  the  seat.  Fig.  479  shows  Uw 
installation  of  a  number  of  non-return  valves  at  the  Yonkers  pmv 
house  of  the  New  York  Central  Railway  Company. 


PIPING  AND  PIPE  FITTINGS 


739 


mergence  Valres  and  Automatic  Stops.  —  In  large  power 
ts  it  is  customary  tu  protect  the  various  divisions  of  the  steam 
ag  by  emergency  mines  which  may  be  closed  by  suitable  means  at 
reasonable  distance  from  the  valve.  The  simplest  form  of  emer- 
■>-  stop  is  a  weighted  "butterfly"  valve,  which  is  to  all  intents  and 
xjeea  a  weighted  check,  as  illustrated  in  Fig.  508  (D).  The  weight 
n  supported,  say  by  a  cord  and  pulley,  holds  the  valve  open;  when 
the  cord  is  rut  or  released  the  weight  drops  and  forces 
the  valve  shut.  The  cord  may  lead  to  any  convenient 
and  safe  distance  from  the  valve.  In  applying  this 
system  of  control  to  steam  engines  the  valve  is  placed 
in  the  steam  pipe  just  above  t  he  throttle  and  the  weight 


505.         Craue 

Fm.  608.    Andw 

U)  Tr 

Kle- 

Fm.  507.      Pilot  Valve  for 

ncrgeiipv  Valve, 

duty  Emergent 

f  Vulv 

Audcraun        Triple-duty 

■ 

Emergency  Valve. 

up  by  a  lever  controlled  by  the  main  governor  or  preferably  by  a 
.rate  governor.  Should  the  engine  exceed  a  certain  speed,  as  in  ease 
ccident  to  the  regular  governor,  the  lever  supporting  the  weight  is 
ped  by  the  emergency  governor  and  the  valve  is  closed  automatically. 

high  pressures  a  rotating  plug  valve  or  cock  is  preferred  to  the  but- 
y  t  \  pe,  since  it  is  balanced  in  all  positions.  Gate  and  globe  valves 
■  be  converted  into  emergency  valves  by  having  the  stems  mechani- 
T  operated  by  electric  motors,  hydraulic  pistons,  and  the  like.  Fig. 
shows  a  section  through  a  Crane  hydraulically  operated  emergence 

valve. 
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-ipvmr.--i  iv  t  -pe**i-iimit  hrv;c*.  tW  Power.  Auz^st.  latj? 
■■■r   1    in.uu-1    i»-frnt:nn. 
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body  is  fitted  witri  :i  v:dv-  -rem  an' 

its  seat,  ir.  »r.:eh  ir  i.~  drHKr.;ited  :u- 

seat  is  parallel  to  the  direction  of 

by  its  own  weight  ami  by  tin-  pre»sr. 

In  the  sw>i*  i-lwrk  the  sent  i.-  at  ; 

direction  of  flow.     The  latter  eons- 

resistance  to  flow  arid  there  i^  le~s 

the  valve  seat.     By  extending  th 

of  the  valve,  a  lever  and  weight  rna 

will  not  open  except  at  a  pn-suri 

tlw  weight.    It  thus  acts  as  a  relief 

n  tcvctmI  of  flow.     .Stop  chtckn  are 

Awp  to  the  boiler,  and  when  locked 

^wirift  tiw  piping  to  be  dismantle 

»w*A  lAhBt,  knrtrhv  "     —an 


t;hiM  tbeck.  1  '.•ccasiunallv 
1  handle  for  holding  the  di 
::  -!;p  check.  In  .4  and  B 
flow  and  the  valve  is  heli 
ire  of  the  fluid  in  case  of  re 
in  unele  of  about  45  degr 
miction  is  preferred  as  it 
tendency  for  impurities  t< 
hinge  of  the  swing  through 
iy  In-  attached  as  in  D  and 
■  corresponding  to  the  rvs 
valve  and  at  the  same  tiiw 
usually  inserted  in  boiler 
.  act  :is  any  ordinary  stop 
i  or  the  regulating  valve 
urc  on  the  boiler.     Since 
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valves  is  excessive  and  necessitates  frequent  regrindiug  they 
mounted  with  regrinding  disks,  Fig.  508  (C),  which  may  be 

against  the  seat  without  removing  the  valve  from  the  line. 
w-off  Codes  and  Valves.  —  The  requirements  of  a  good  blow- 
ire  that  it  shall  furnish  a  free  passage  for  scale  and  sediment, 
ill  close  tightly  so  as  not  to  leak,  and  that  it  shall  open  easily 
ticking  or  cutting.  On  account  of  the  rather  severe  service 
such  valves  are  subjected,  they  are  made  very  heavy,  with 

wearing  parts. 

1  gives  a  sectional  view  of  a  Crane  ferrosteel  valve.  The  bon- 
ly  taken  off  and  the  disk  removed  to  be  refaced  or  replaced 
L- 


D 


one.  The  old  disk  is  repaired  by  pouring  in  a  hard  Babbitt 
I  facing  it  off  flush.  The  seats  are  of  brass  and  oval  on  top 
t  scale  lodging  between  them  and  the  disk,  and  are  so  made 
may  be  removed;  but  it  has  been  found  in  practice  that  there 
ch  cutting  of  the  seat,  the  damage  usually  being  confined  to 

Babbitt  metal  which  faces  the  disk. 

I  gives  a  sectional  view  of  a  Faber  valve.     When  the  disk, 

i es  a  snug  fit  in  the  body  of  the  valve,  is  in  the  position  shown, 

discharge  is  practically  shut  off  and  any  sediment  lying  on 
s  cleaned  off  by  a  jet  of  steam  or  water. 
I  shows  a  section  through  a  typical  blow-off  cock  of  the  straight- 
r  plug  pattern  with  self-locking  cam.     Plug  cocks  tar 
ad  of  valves  on  the  blow-off  piping. 
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Current  practice  recommends  the  use  of  two  valves,  or  rather  one 
*Vilve  and  one  cock,  in  the  blow-off  line  of  each  boiler.  In  most  of  the 
large  Nations  a  blow-off  valve  and  a  blow-off  cock  are  installed  as  in- 
BJcated  in  Fig.  512.  The  number  and  size  of  blow-off  cocks  are  usually 
specified  by  city  or  state  legislation.  (For  a  description  of  various  types 
«f  blow-off  valves,  see  Power,  Dec.  20.  1910,  p.  2228.) 

390.  Safftj  Valves.  —  Fig.  513  shows  a  section  through  the  simplest 
iorm  of  safety  valve.  The  valve  is 
held  on  its  seat  against  the  boiler 
pressure  by  a  cast-iron  weight  as 
indicated.  This  type  has  the  advan- 
tage of  great  simplicity,  and  can  be 
least  affected  by  tampering,  since  it 
requires  so  much  weight  that  any 
additional  amount  which  would 
ieriously  overload  it  can  be  quickly 
detected.      For    high    pressure    and 

large  sizes  of  boiler  this  class  of  valve 

.  ,.     ,  ,  Fia.  513.     " Dead- weight"  Safc-n  Valve. 

is  cul  irvly  too  cumbersome.  **  "^  y 

Fig.  514  shows  the  general  details  of  the  common  lever  safety  valve. 

The  valve  is  held  against  its  seat  by  a  loaded  lever,  thereby  enabling 

the  use  of  a  much  smaller  weight  than  the  "dead-weight"  type,  since 

the  resistance  is  multiplied  by  the  ratio  of  the  long  arm  of  the  lever 


Fig.  514.     Common  Li'Vfr  Sftltty  Valve-. 

i  short  one.     The  proper  position  of  the  weight  is  determined  by 
nple  proportion.     Safety   valves  of  the   "dead-weight"  or  "lever" 
type  are  little  used  in  modern  practice,  and  their  use  is  prohibited  in 
1.     8.  in.'irine  service  and  in  many  states. 

Fig.  515  shows  a  section  through  a  typical  pop  safety  valve  in  which 
the  boiler  pressure  i-  resisted  by  a  spring.  This  type  of  valve  has 
practically  supplanted  all  other  forms.  The  boiler  pressure  acting  upon 
the  Under  side  of  valve  t'  is  resisted  by  the  tension  in  spring 
soon  as  the  boiler  pressure  exceeds  the  resistance  of  the  spring  t 
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lifts  from  its  seat  and  the  steam  escapes  through  opening  O.  The  static 
pressure  of  the  steam  plus  the  force  of  its  reaction  in  being  deflected 
from  the  surface  A  holds  the  valve  open  until  the  pressure  in  the  boiler 
drops  about  5  pounds  below  that  at  which  the  valve  is  lifted.  The 
additional  area  of  valve  exposed  to  pressure  when  the  valve  lifts  causes 
it  to  open  with  a  sudden  motioa  which 
has  given  it  its  name,  and  it  also  doss 

suddenly  when  the  pressure  has  fallen. 

J  u-°/  These  valves  are  arranged  so  that  the 
spring  tension  may  be  varied  without 
taking  them  apart,  and  provision  is 
made  for  lifting  the  seats  by  means  of 
a  lever.  The  seats  are  of  solid  nickel 
in  the  best  designs,  to  minimize  eorro- 

The  commercial  rating  of  a  safety 
valve  is  based  upon  the  area  exposed  to 
pressure  when  the  valve  is  closed. 

The  number  and  size  of  safety  valve 

for  a  given  boiler  are  ordinarily  specified 

by  city  or  state  legislation. 

The  logical  method  for  determining  the  size  of  safety  valves  is  to 

make  the  actual  opening  at  discharge  sufficient  to  take  care  of  all  steam 

generated  at  maximum  load,  thus: 

Let  II'  =  maximum  weight  of  steam  discharged,  pounds  per  hour. 
.4  =  effective  discharge  area,  square  inches. 
/'  =  boiler  pressure,  pounds  per  square  inch  absolute. 
L  =  lift  of  valve,  inches. 

«  =  angle  of  the  valve  seat  with  the  horizontal. 
K  =  coefficient  determined  by  experiment. 
D  —  diameter  of  valve,  inches. 

According  to  Napier's  rule  for  the  discharge  of  steam  through  un- 
restricted orifices 

w-^pa-hiapa.  an) 


Allinr'niK  fo] 


70      ' 
i  of  orifiee. 


experiments  I iv  Philip  CI.  D:irlmE  (Trans.  A.S.M.E.,  Vol.  31,  1909. 
p.  12:li  save  a  praelieally  constant  value  of  K  =  0.92.5.  Experiments 
eoiLilui-ti'd  hy  the  Consolidated  .Safety  Valve  Company  gave  the  same 
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average  value  for  K  as  determined  by  Darling.     Substituting  this  value 
of  K  in  (274), 


For  a 
Whence 

W  -U.5PA. 
lat-seated  valve 

A  -  rDL. 

W-149P2M, 

(27.5) 
(276) 
(277) 

or 

D  -0.0067  J^- 

(278) 

For  the  almost  universal  45-degree  seated  valve 

Whence 

A  =  rDL  sine  45  degrees  (approx.) 
-  0.707  DL. 

A  -  105  PDL 

(279) 
(280) 

or 

D-  0.0095^- 

(281) 

The  present  rule  of  the  United  States  Board  of  Supervising  Inspectors 
is 

.        ...  a  =  0.2074  %  (282) 

in  which  P 

a  =  area  of  the  safety  valve  in  square  inches  per  square  foot  of  grate 

surface  per  hour. 
w  =  pounds  of  water  evaporated  per  square  foot  of  grate  surface  per 

hour. 

Formula  (282)  is  derived  by  allowing  a  lift  of  jV  of  the  nominal  valve 

diameter  and  taking  75  per  cent  as  the  added  restriction  of  a  45-degree 

over  a  flat  seat,  thus  /_  _.    _  w  D\. 

a  =(0.75W>X32J. 

which,  substituted  in  Napier's  formula,  gives  a  •=  0.2074  -p  ■ 

The  Consolidated  Safety  Valve  Company's  circular  gives  the  follow- 
ing rated  capacity  of  its  nickel-seat  pop  safety  valves: 
TABLE  121. 

RELIEVING  CAPACITIES.  CONSOLIDATED  POP  SAFETY  VALVES.  STATIONARY  TYPE. 


1 



(Lb. 

w 

»l«  Ian  Injun 

120 

110   ] 

m 

tin 

200 

SBTO 

Li  "Hi 

1    iv. 

KwifawMwsswB"! 

S'mo 
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»1.  Back-pressure  and  Atmospheric  KeUef  Vain*.  —  These  vaha 
are  for  the  purpose  of  preventing  excessive  back  pressure  in  exhaat 
pipes.  In  non-condensing  plants  such  valves  are  designated  as  bod* 
pressure  valves  and  in  condensing  plants  as  atmospheric  relief  volte*,  b 
the  former  the  valve  is  usually  adjusted  so  that  a  pressure  of  one  to 
five  pounds  above  the  atmosphere  is  necessary  to  lift  it  from  its  seat; 
in  the  latter  the  valve  lifts  at  about  atmospheric  pressure.  They  an 
practically  identical  in  construction,  differing  only  in  minor  details, 
A  slight  leakage  in  the  back-pressure  valve  is  of  small  consequent*, 
but  in  an  atmospheric  relief  valve  it  may  seriously  affect  the  degree 
of  vacuum  and  throw  unnecessary  work  upon  the  air  pump,  hence  it 
is  customary  to  "water-seal"  the  latter.    Fig.  516  shows  a  acetic 


Flo.  510.      Foster  Back-pressure  Val' 


through  a  typical  back-pressure  valve.  The  valve  proper  consists  of 
a  single  disk  moving  vertically.  The  valve  stem  is  in  the  form  of  t 
piston  or  dashpot  which  prevents  sudden  closing  or  hammering.  The 
pressure  holding  the  valve  against  its  seat  is  regulated  by  a  spring. 
When  the  back  pressure  becomes  greater  than  atmospheric  plus  that 
added  by  the  spring,  the  valve  raises  from  its  seat  and  relieves  it. 

Fig.  517  shows  a  section  through  a  Davis  back-pressure  valve,  in 
which  the  resisting  pressure  is  varied  by  means  of  a  lever  and  weight 

l-'ig.  -ISO  shows  the  application  of  a  back-pressure  valve  to  a  typical 
heating  system. 

I<'ig.  518  shows  a  section  through  a  typical  atmospheric  relief  wife. 
0|M'iiiug  />'  is  connected  to  the  exhaust  pipe  and  opening  A  leads  to 
the  at nuisphcrc.  Under  normal  conditions  of  operation  atmospheric 
pressure  holds  valve  1'  against  its  seat.  Water  in  groove  5  "water- 
sn'iiU"  the  seat  and  prevents  air  from  being  drawn  into  the 
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In  case  the  pressure  in  pipe  B  becomes  greater  than  atmospheric  it 
lifts  valve  V  from  its  seat  and  is  relieved.  Piston  P  acts  as  a  dashpot 
and  prevents  the  valve  from  slamming. 

Fig.  519  shows  a  section  through  an  atmospheric  relief  valve  in  which 
the  weight  of  the  valve  is  counterbalanced  or  even  overbalanced  by  an 
adjustable  weight  and  lever,  thereby  permitting  the  valve  to  open  at 
or  below  atmospheric  pressure,  as  may  be  desired. 


Pig.  518.     Crane  Atmospheric  Relief  Valve.    Fig.  519.  Acton  Atmospheric  Relief  Valve. 

392.  Reducing  Valves.  —  It  is  often  necessary  to  provide  steam  at 
different  pressures  in  the  same  plant,  as  in  the  case  of  a  combined  power 
and  heating  plant.  To  effect  this  result  the  reduction  in  pressure  is 
accomplished  by  passing  the  steam  through  a  reducing  valve,  which  is 
but  an  automatically  operated  throttle  valve.  There  are  many  different 
forms,  the  operation  of  all  being  based  upon  the  same  general  principles. 

In  the  Kieley  valve,  Fig.  520,  the  low-pressure  steam  acts  upon  the 
top  of  flexible  diaphragm  £>,  and  the  weighted  lever  L  (which  may  be 
adjusted  to  give  the  desired  reduction  in  pressure)  acts  upon  the  other 
side.  The  movement  of  the  diaphragm  causes  the  balanced  valve  V 
at  the  upper  end  of  the  spindle  to  open  or  close,  as  may  be  necessary 
to  maintain  the  desired  lower  pressure.  Inertia  weights  T  and  C  prevent 
chattering. 

Fig.  521  shows  a  section  through  a  class  G  Foster  pressure  regulator 
or  reducing  valve.  In  operation,  steam  enters  at  A  and  passes  through 
the  main  valve  port  H  to  the  outlet  B.  Steam  at  initial  pressure  passes 
through  port  C  to  chamber  P  and  thence  to  the  top  of  piston  T  through 
port  L,  opening  the  main  valve  U.  Steam  at  delivery  pressure  passes 
through  E  and  raises  the  diaphragm  V  against  the  pressure  of  sprr  ~ 
allowing  spring  W  to  close  the  auxiliary  valve  X.    The  press 
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chamber  J  is  then  equalised  by  the  reduced  pressure  in  ports  Gaodfls 
under  side  of  piston  X,  and  thus  allows  spring  Y  to  close  the  main 
which  is  then  held  to  its  seat  by  the  initial  pressure.  Any  redact 
delivery  pressure  is  transmitted  to  diaphragm  V,  and  permits  sprisflt 
open  auxiliary  valve  X,  thereby  admitting  steam  to  the  top  of  pistes  f, 
as  previously  explained.  The  delivery  pressure  is  adjusted  by  acres  fi; 
thus  increasing  the  tension  of  spring  R  increases  the  discharge  presan; 
and  vice  versa.    The  adjustment  once  made,  the  delivery  pressure  si 


Kielcy  Reducing  Valve 


Flu.  521.      Foster  Pressure  Regulator. 


remain  constant,  regardless  of  any  variable  volume  of  discharge  ord 
the-  initial  pressure,  so  long  as  the  latter  is  in  excess  of  the  delivery 
pressure.  W,  Fig.  489,  shows  the  application  of  a  reducing  valve  to 
exhaust  steam  heating  system.  Live  steam  is  led  to  the  valve  through 
pipe  A.  It  will  be  noted  that  the  pipe  leading  from  the  valve  to  the 
heating  system  is  much  larger  than  the  high -pressure  supply  pipeos 
account  of  the  increase  in  volume  of  the  low-pressure  steam.  Reducing 
valves  should  always  be  by-passed  to  permit  of  repairs  without  shutting 
down  the  system.  Care  should  l>e  taken  in  not  selecting  too  large 
reducing  valve,  its  the  valve  lift  is  very  small  and  the  larger  the  valve 
the  less  will  l>e  the  lift  for  a  given  weight  of  flow  and  consequently  the 
greater  the  wire  drawing  and  erosion  of  the  valve  seat. 
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Foot  Valves.  —  Whenever  a  long  column  of  water  is  to  be  moved 
in  either  suction  or  delivery  pipe  it  is  customary  to  place  a  check  valve 
aear  the  lower  end  of  the  column  to  prevent  the  water  from  backing 
ap  when  the  pump  reverses  or  shuts  down.  The  check  valve  placed  at 
the  end  of  the  suction  pipe  is  called  a  foot  valve.  Any  check  valve  may 
be  used  as  a  foot  valve,  though  practice  limits  the  choice  to  the  disk 


(A) 


(B) 

Fia.  522.     Types  of  Foot  Valves. 


or  flap  type  as  illustrated  in  Fig.  522.  To  prevent  rubbish  from  destroy- 
ing the  action,  a  strainer  or  screen  is  generally  incorporated  with  the 
body  of  the  valve.  A,  Fig.  522,  illustrates  a  single-flap,  B  a  multi-flap 
and  C  a  disk  valve  composed  of  a  nest  of  small  rubber  valves.  The 
single-flap  are  usually  made  in  sizes  J  to  6  inches,  the  multi-flap  7  to 
16  inches,  and  the  disk  valve  in  all  commercial  sizes  from  f  to  36  inches. 
For  large  sizes,  16  to  36  inches,  the  multi-disk  valve  is  given  preference, 
jince  a  number  of  the  disks  may  be  disabled  without  destroying  its 
>pef  ation. 

The  Use  and  Abuse  of  Globe  Valves:  Power  and  Engr.,  Jan.,  1909,  p.  10. 
Gate  Valves  in  Steam  Pipe  Lines:  Power  and  Engr.,  Feb.  16,  1909,  p.  320. 
Types  of  Check  Valves  and  Their  Operation:  Power  and  Engr.,  July  6,  1909,  p.  11. 


CHAPTER  XVI. 

LUBRICANTS  AND  LUBRICATION. 

394.  General.  —  The  losses  due  to  the  friction  of  the  working  parts 
of  machinery  include  considerably  more  than  the  mere  loss  of  power, 
namely,  the  depreciation  resulting  from  wear  of  bearings,  guides,  and 
other  rubbing  surfaces,  and  the  expense  arising  from  accidents  traceable 
to  excessive  friction.  The  power  absorbed  in  overcoming  friction  varies 
with  the  type  of  plant  and  the  character  of  machinery  and  is  seldom 
less  than  5  per  cent  and  often  greater  than  30  per  cent  of  the  total  power 
developed.  In  large  central  stations  these  losses  approximate  8  per  cent 
and  in  weaving  and  spinning  mills  will  average  as  high  as  25  per  cent. 
(Trans.  A.S.M.E.,  6-465.)  These  figures  refer  to  properly  lubricated 
plants  operating  under  normal  conditions.  The  proper  selection  of 
lubricant  is  therefore  a  very  important  problem,  since,  besides  the  cost 
of  the  lubricant  itself,  the  loss  in  power  and  in  wear  and  tear  to  machinery 
is  no  small  item.  A  change  of  lubricant  may  frequently  result  in 
marked  increase  in  economy  of  operation.  Table  122  gives  an  idea  of 
the  saving  effected  in  power  by  the  proper  selection  of  lubricants  in  a 
number  of  mills.  (Power,  May  12, 1908,  p.  752.)  The  net  financial  gain 
depends,  of  course,  upon  the  cost  of  the  oil.  As  a  general  rule  a  10  per 
cent  reduction  in  friction  horse  power  will  more  than  equal  the  cost  of 
lubricants  for  one  year.  The  lubricants  most  commonly  met  with  in 
power  plant  practice  are  conveniently  classified  as  oils,  greases,  and 
solids,  and  are  of  animal,  mineral,  or  vegetable  origin. 

Reference  books:  Archbutt  and  Dcelcy,  Lubrication  and  Lubricants;  Redwood 
Lubricants;  W.  M.  Davis,  Friction  and  Lubrication;  Gill,  Oil  Analysis;  Robinson, 
Gis  and  Petroleum  Engines;  Thurston,  Friction  and  Lost  Work;  Gill,  Engine 
Room  Chemistry. 


Vegetable  Oils.  —  Except  for  certain  special  purposes  and  for 
••:c:pounding  with  mineral  oils  these  possess  lubricating  properties  of 
ir-jr  practical  value,  since  they  decompose  at  comparatively  low  ten> 
ir^"Lr^v>  and  have  a  tendency  to  become  thick  and  gummy.    The 

.:•>  oils  sometimes  employed  are  linseed,  cottonseed,  rape,  and 

—  Many  animal    fats   have   greater  lubricating 
-HUT*  mineral  oils  of  corresponding  viscosity  but  are  objec- 
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tionable  on  account  of  their  unstable  chemical  composition.  They 
decompose  easily,  especially  in  the  presence  of  heat,  and  set  free  acids 
which  attack  metals.  They  are  seldom  used  in  the  pure  state  and 
are  usually  compounded  with  mineral  oils.  The  animal  products  used 
in  this  connection  are  tallow,  neat's-foot  oil,  lard,  sperm,  wool  grease, 
and  fish  oil,  the  first  named  being  the  most  important.  In  cylinder 
lubrication,  especially  in  the  presence  of  moisture,  the  addition  of  2  to 

TABLE  122. 

EXAMPLES  OF  REDUCTION  IN  FRICTION  DUE  TO  PROPER  SELECTION  OF 

LUBRICANTS. 


No.  of 
Test. 


Country. 


1 

2A 
B 

3 

4A 
B 

5 

6 

7 

8A 
B 

9 

10  A 
B 
It 
12 
13 
14 
15 
16 
17 
18 
19 
20 


America. 

America. 

America. 

America. 

England . . 

England.. 

England.. 

England.. 

Ireland... 

Scotland. 

Scotland. 

Germany 

Germany 

Germany 

Germany 

Russia. . . 

India 

Japan 

India 

England . . 
Germany 
England.. 
England . . 
England.. 


Plant. 

Mill  Oils. 
Test  I. 

New  Oils. 
Test  II. 

PerCent 
of  Trans- 
mission to 
Full  Load. 

Full 
Load, 
I.H.P. 

Trans- 
mission, 
I.H.P. 

Full 
Load, 
I.H.P. 

Trans- 
mission, 
I.H.P. 

Test 
I. 

Test 
11. 

Cotton 

Worsted 

543  21 

611.60 

702.90 

786.00 

1408.60 

1428.40 

348.10 

495.00 

110.70 

177.70 

325.10 

263.41 

341.36 

341.36 

1135.20 

1238.80 

642.60 

346.60 

364.70 

465.40 

511.37 

6.74x 

137.80 

84.00 

192.70 

........ 

356.00 
357.90 
111  10 
146.60 
49.90 
61.80 
161.40 
114.03 
118.24 
141.29 
362.60 

230.70 

1.77/ 
74.90 
31.60 

481.75 

596  30 

648.70 

758.00 

1301.80 

1358.70 

327.50 

453.60 

93.10 

164.60 

293.50 

239.35 

290.53 

299.30 

1034.20 

1069.10 

596.80 

313.60 

336.80 

390.40 

482.43 

5.12* 

116.00 

65.30 

168.90 

35.4 

35.0 

Woreted 

Cotton 

Cotton 

Cotton 

Worsted 

Linen 

319  30 

348.90 

99.50 

127.50 

38.60 

56.10 

147.30 

97.11 

95.67 

119.28 

328.10 

25.3 
25.0 
31.9 
29  6 
45.0 
34.7 
49.6 
43.2 
31.7 
41.3 
31.9 

24.5 
25.7 
30.4 
28.1 
41.4 
34.0 
50.2 
40.5 
32.9 
3!>8 
31.7 

Woolen 

Woolen 

Cotton 

Worsted 

Worsted 

Jute 

Cotton 

Cotton 

Cotton 

202.20 

35.9 

33.9 

Flour 

Paper 

Paper 

Iron  shop 

Wood  shop 

1.53r 
68.10 
25.40 

26.2 
54.3 
37.6 

29.8 
58.7 
38.8 

Power 
Reductions. 


Full 
Load, 

Per 
Cent. 


11.31 
2.50 


7 
3 
7 
4 
5 


80 
56 
60 
90 
90 


8.40 
15.90 
7.40 
9.70 
9.10 

14  90 

12  30 
8.89 

13  70 
7.10 
9.50 
7  70 

16.20 

5  60 

24.00 

15  80 
22.30 


Trans- 
mission, 
Per 
Cent. 


12.35 


10.30 

2.50* 

10  40 

13.00 

22.70 

9.20 

8.70 

14  80 

19  10 

15.57; 

9.51 

12.40 


13.80 

9.10 

19.60 


*  Same  oil  after  nine  months'  use. 
z  —  Electrical  units. 


t  Not  full  load  of  mill. 


t  Morning  load. 


5  per  cent  of  acidless  tallow  seems  to  make  the  oil  adhere  better  to  the 
metal  surfaces  and  increases  the  lubricating  effect,  while  the  proportion 
is  so  small  that  ill  effects  from  corrosion  or  gumming  are  scarcely 
perceptible. 

»7.  Mineral  Oils.  —  These  are  all  products  of  crude  petroleum  and 
form  by  far  the  greater  part  of  all  lubricants.  They  present  a  wider 
range  of  lubricating  properties  than  those  derived  from  animal  or 
vegetable  sources,  the  thinnest  being  more  fluid  than  sperm  and  the 
thickest  more  viscous  than  fats  and  tallows.  They  are  not  easily 
oxidized,  do  not  decompose,  become  rancid,  or  contain  acids. 


752 


STEAM  POWER  PLANT  ENGINEERING 


Crude  American  petroleum  of  specific  gravity  0.802  may  yield  tkv 
following  commercial  products.  ("Gas  and  Petroleum  EfegbaV 
W.  Robinson.) 

TABLE  123. 


Light  Oils. 
Petroleum  ether. 

Petroleum  spirit, 


i 


C.  Naphtha. 

Naphtha 

Naphtha  (bens.) 


Burning  oils,  kerosene.  |  Ordmary  'kerosene! 


Fuel  oils {For  making  oil  gas;  fuel 


( Lubricating  oils. 

Heavy  oils <  Paraffin  wax 

f  Residium 


0.690 
625-. 631 
635-. 658 

68O-.7O0 
.717-.  72 


742-.  746   SIS-MS 


M 

85-lM 

140-S1S 
17S-S4S 


.785 
.810 


.780- 
800- 


0.86 

885-.  W0 

.008  at  60 

deg.  F 


S0W7I 
3004N 

and  ro- 
wans 


480  tad 
upwawb 


Mineral  lubrication  oils  may  be  classified  as 

(1)  Distilled  oilsf  which  are  produced  by  distillation  from  crude 
petroleum  and  made  pale,  amber  colored,  and  transparent  by  treatment 
with  acid  and  alkali. 

(2)  Natural  oils,  which  are  prepared  from  crude  petroleum,  from 
which  grit,  suspended  and  tarry  impurities  have  been  removed.  They 
are  dark  and  opaque  and  are  rich  in  lubricating  properties. 

(3)  Reduced  oilsf  or  heavy  natural  oils,  from  which  the  lighter  hydro- 
carbons have  been  evaporated  and  from  which  the  tarry  residue  has 
been  removed  by  filtration. 

398.  Solid  Lubricants.  —  Dry  graphite,  soapstone,  and  mica  are 
sometimes  used  as  lubricants,  though  they  are  usually  mixed  with 
grease  or  oils.  They  cannot  easily  be  squeezed  or  scraped  from  between 
the  surfaces,  and  are  consequently  suitable  where  very  great  weights 
have  to  be  carried  on  small  areas  and  when  the  speed  of  rubbing  is  not 
high.  The  coefficient  of  friction  of  such  lubricants  is  high,  and  when 
economy  of  power  is  essential  better  results  may  be  secured  by  the  use 
of  liberally  proportioned  rubbing  surfaces  and  liquid  lubricants.     Under 
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"tain  conditions  of  pressure  and  speed  these  lubricants  will  sustain,  with- 
t  injury  to  the  surfaces,  pressures  under  which  no  liquid  would  work. 
Deflocculated  graphite  suspended  in  oil  or  water,  and  designated  com- 
*rcially  as  "oildag"  and  "aquadag"  respectively,  is  finding  favor 
th  many  engineers.  Graphite  in  this  deflocculated  condition  remains 
spended  indefinitely  in  water  and  oil,  readily  coheres  to  the  journal, 
«  great  wearing  properties,  and  is  easily  applied  to  the  wearing  surfaces. 
rom  numerous  and  long-continued  trials  it  appears  that  0.35  per  cent 
rves  adequately  for  all  purposes.  Temperature  curves  of  deflocculated 
•aphite  in  combination  with  various  carrying  fluids  are  given  in  Fig.  523. 
or  further  data  pertaining  to  the  curves  in  Fig.  523  and  for  an  extensive 
iscussion  on  the  subject  of  lubrication  consult  Lubrication  and  Lubri- 
*ting,  by  C.  F.  Maberg,  Jour.  A.S.M.E.,  Feb.  and  May,  1910. 

• 

pOT  M.  Lb*,  ptr  * 
8q.  in.      <4 
No.lAgto  Cylinder  Oil  (alone)       6    150     444 

'»    -H  .35  Graphit  >    4      « 


60  SO 

Time  in  Minutes 


Fig.  523.    Tests  of  Graphite  Mixed  with  Various  Lubricants. 

>.  Greases.  —  Under  this  name  may  be  included  the  various  com- 
)unds  which  consist  of  oils  and  fats  thickened  with  sufficient  soap  to 
irm,  at  ordinary  temperatures,  a  more  or  less  solid  grease.  Those 
sually  employed  are  lime,  soda,  or  lead  soaps,  made  with  various  fats 
id  oils.  "Engine"  greases  are  thickened  with  a  soap  made  from 
illow  or  lard  oil  and  caustic  soda,  and  often  contain  neat's-foot  oil, 
seswax,  and  the  like.  For  exceptionally  heavy  pressures,  graphite, 
>apstone,  and  mica  are  sometimes  added  to  the  grease.  Table  124 
ves  an  idea  of  the  characteristics  of  a  number  of  greases.  (Prac. 
ngineer,  U.  S.,  Apr.,  1911,  p.  293.)  The  friction  tests  were  made  on 
small  Thurston  oil  testing  machine,  320  r.p.m.  and  bearing  pressure 
240  pounds  per  square  inch  of  projected  area.  These  results  are 
lrely  comparative  under  the  given  conditions  of  rubbing  surfaces, 
>eed  and  pressure.  For  results  of  these  greases  tested  on  a  large 
lsen  oil  machine  consult  reference  given  above. 

Commercial  Lubricating  Greases:    Prac.   Engineer,   U.  S.,   Apr.,    1911,   p.  293; 
'Ms  of  Grease  Lubrication,  Ibid.,  p.  295;  Am.  Mach.,  Aug.  24,  1911,  p.  356;  Po*» 
ov.  8,  1910,  p.  1998. 
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TABLE  124. 


Type. 

^ 

Maltinc 

Point, 

Deg.  P. 

Per  Gent 
Soap. 

Had  of 
Soap. 

Far  Oat 

Free  Arid 

aa  Oleic 

/vSS. 

A  Mineral 

C  Mineral 

Summer 

Summer 

Winter 

Winter 

Winter 

Winter 

Summer 

167 
178 

165 
163 
142 
125 
120 
41 

38 

20 

23 

16 

10 
1.4 
2.1 

• 

Lime 

Lime 

Lime 

Lime 

Lime 

Potash 

Potash 

Trace 
0.8 
6  1 
0 

Traoe 
0 
0 

0.075 
0.QH 
0  0© 

F  Tallow  No.  3 . . . 
G  Tallow  No.  XX 
H  Lard  oil 

0.057 
0.046 

0.022 

ooa 

0.011 

Type. 


A  Mineral 

B  Mineral 

C  Mineral 

D  Mineral 

E  Mineral 

F  Tallow  No.  3.. 
G  Tallow  No.  XX 
H  Lard  oil 


Final  Coefficient 

Friction  After 

3-Hr.  Run. 


0.075 

0.050 
0.063 
0.054 
0.046 
0.012 
0.018 
0.010 


Mailwnm 

atara   of 
Above     that 

^MM^^vwflarf    ai^^^iBKaaw    a*  • 


the*  of 
EadofS-Hr 
F. 


70 
70 
76 


45 

13 


AfeW 


18 
32 

12 


400.  Qualifications  of  Good  Lubricants.  —  A  good  lubricant  should 
possess  the  following  qualities: 

(1)  Sufficient  "body"  to  prevent  the  surfaces  from  coining  into  coo- 
tact  under  conditions  of  maximum  pressure. 

(2)  Capacity  for  absorbing  and  carrying  away  heat. 

(3)  Low  coefficient  of  friction. 

(4)  Maximum  fluidity  consistent  with  the  "body"  required. 

(5)  Freedom  from  any  tendency  to  oxidize  or  gum. 

(6)  A  high  "flash  point"  or  temperature  of  vaporization  and  a  lot 
congealing  or  "freezing  point." 

(7)  Freedom  from  corrosive  acids  of  either  metallic  or  animal  origin. 
Lubricating  oils  are  identified  by  certain  tests  which  are  used  by 

refiners  in  grading  and  classifying  the  oils  and  by  consumers  in  buying 
them.     These  tests  usually  cover  the  following: 

(1)  Identification  of  the  oil,  whether  a  simple  mineral,  animal  or 
vegetable  oil  or  a  mixture. 

(2)  Density  or  gravity. 

(3)  Viscosity. 
(-1)  Flash  point. 
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(5)  Burning  point,  fire  test. 

(6)  Acidity. 

(7)  Coefficient  of  friction. 

(8)  Cold  test. 

4tl.  Identification  of  Oil.  —  The  chemical  analysis  of  oils  lies  in  the 
province  of  the  chemist,  but  some  of  the  characteristics  may  be  readily 
determined  by  a  few  simple  tests.  To  detect  admixtures  of  fatty  oils 
in  mineral  oil  a  small  quantity  is  heated  in  a  test  tube  for  15  minutes 
with  small  pieces  of  either  metallic  sodium  or  caustic  potash.  If  fatty 
oil  is  present,  saponification  takes  place  and  the  soap  formed  will  rise 
to  the  top  as  a  semi-solid  mass  and  the  amount  may  be  estimated. 
Tarry  matter  may  be  detected  by  dissolving  a  small  quantity  of  oil  in' 
from  10  to  20  times  its  bulk  of  gasoline;  the  tar  and  other  insoluble 
matter  will  separate  and  collect  at  the  bottom. 

For  a  number  of  single  tests  for  identifying  the  various  constituents  of  com- 
pound or  adulterated  oils  consult  "Engineering-Room  Chemistry/1  by  Augustus  H. 
Gill. 

402.  Gravity.  —  The  density  or  specific  gravity  is  conveniently  de- 
termined by  means  of  a  hydrometer,  which,  in  the  oil  trade,  is  graduated 
according  to  the  Baum£  scale.  The  relationship  between  specific  gravity 
and  degrees  Baum£  at  a  temperature  of  60  degrees  F.  may  be  expressed: 

140 
Specific  gravity  =  130  +  degrees  Baum6-  (283) 

Table  125  gives  the  specific  gravity  and  gravity  Baum6  of  a  number 
of  lubricating  oils. 

TABLE  125. 
SPECIFIC  GRAVITY  AND  GRAVITY  BAUME  OF  A  NUMBER  OF  LUBRICANTS. 


Water 

Cylinder  oil 

Cylinder  oil 

Heavy  engine  oil. . 
Medium  engine  oil 
Light  engine  oil. . . 
Castor  machine  oil 

Lard  oil 

Sperm  oil 

Tallow  oil 

Cottonseed  oil. . . . 

Linseed  oil 

Castor  oil  (pure) . . 

Palm  oil 

Rape^-seed  oil 

Spindle  oil 


Specific  Grav- 
ity. 


1.000 
.9090 
.8974 
.9032 
.9090 
.8917 
.8919 
.9175 
.8815 
.9080 
.9210 
.9299 
.9639 
.9046 
.9155 
.8588 


Gravity 
Baume*. 


10 

24.5 

26 

25.5 

24 

27 

27 

23 

29 

24.5 

22 

19 

15 

25 

23 

33 


Flash  Test, 
Degrees  F. 


575 
540 
411 
382 
342 
324 
505 
478 
540 
518 
505 


405 
312 
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403.  Viscosity.  —  Viscosity  may  be  defined  as  the  degree  of  fluidity 
or  internal  friction  of  an  oil.  It  is  sometimes  called  the  "body."  It 
is  determined  by  a  viscosimeter.  There  are  a  number  of  different  in- 
struments for  this  purpose  but  no  recognized  standard  instrument  or 
method,  so  that  "viscosity"  conveys  no  meaning  unless  the  name  of 
the  instrument,  the  temperature,  and  the  amount  of  oil  tested  are  given. 
Nearly  all  instruments  are  of  the  orifice  type;  that  is,  the  viscosity  of 
an  oil  is  taken  as  the  number  of  seconds  required  for  a  given  amount, 
usually  50  cubic  centimeters,  to  flow  through  an  orifice  at  a  given  tem- 
perature. By  " specific  viscosity"  is  meant  the  ratio  of  the  time  re- 
quired for  the  oil  to  run  out  to  that  of  an  equal  quantity  of  water  at 
60  degrees  F.  The  viscosity  of  engine  oils  is  usually  taken  at  70  degrees 
F.  and  of  cylinder  oils  at  212  degrees  F. 

404.  Flash  Point.  —  The  flash  point  is  determined  by  heating  a  sam- 
ple of  oil  in  an  open  or  closed  cup  at  the  rate  of  15  degrees  F.  per  minute 
until  a  spark  will  ignite  the  vapor.  The  temperature  at  which  this 
occurs  is  the  flash  point.  So  much  depends  upon  the  extent  of  oil 
surface  exposed,  size  of  spark,  distance  spark  is  held  from  the  oil  at  the 
time  of  ignition,  and  the  dimensions  of  the  cup,  that  there  may  be  con- 
siderable variation  in  the  flash  point  as  obtained  by  different  experi- 
menters. 

405.  Burning  Point,  or  Fire  Test.  —  By  continuing  the  application  of 
heat  and  noting  the  temperature  at  which  the  oil  takes  fire  and  con- 
tinues to  burn,  the  burning  point  is  obtained.  The  higher  the  tem- 
perature under  which  the  oil  must  work  the  higher  the  fire  test  required, 
so  that  it  will  not  decompose  or  volatilize.  Too  high  a  fire  test  gives  an 
oil  that  does  not  atomize  readily  enough  to  reach  all  parts  of  the  cylinder. 

406.  Acidity.  —  The  presence  of  free  acid  is  determined  by  shaking  up 
equal  quantities  of  oil  and  water  and  testing  with  litmus  paper.  An- 
other simple  test  is  as  follows:  A  small  quantity  of  oil  is  placed  in  a 
t<->t  tube  with  a  little  cuprie  oxide  (Cu20)  and  subjected  to  a  gentle 
teat  for  three  or  four  hours.  The  reaction  with  the  copj>er  turns  the 
5->lution  green  if  fatty  acid  is  present  and  blue  if  vegetable  acid  is  present. 

407.  Cold  Test.  —  The  "cold  test"  is  the  temperature  at  which  the 
._.  tx.1".  just  flow.     The  sample  is  solidified  by  means  of  a  freezing  niLx- 

—  -J:?-  -uZ.  [  :he  temperature  noted  when  it  softens  sufficiently  to  flow. 

4*c  Friction  Test.  —  The  coefficient  of  friction  as  determined  from 

^rr_~  TL-*^:;:ig  machines  is  useful  in  obtaining  a  comparison  of  oils 

i^  .~~  v>  :^t  conditions,  but  gives  little  information  concerning  the 

_--..-    :  \ii-  I'il  under  the  widely  different  conditions  found  in  actual 

:r.— ..•-.     TuStf:  126  gives  the   physical   properties  of   a  number  of 

iisi  -rr»h  their  particular  zone  of  application. 


'-1X     jut- 
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409.  Atmospheric  Surface  Lubrication.  —  In  a  general  sense  all  jour- 
nals, slides,  and  "atmospheric"  surfaces  should  be  lubricated  with 
straight  mineral  oils  (as  free  from  paraffin  as  possible),  except  when  in 
contact  with  considerable  water,  in  which  case  it  is  advisable  to  add 
20  to  30  per  cent  of  lard  oil.  Vegetable  oils,  paraffin  oils,  and  animal 
oils  (except  lard  oil  as  above  stated)  are  not  recommended  for  general 
engine  and  dynamo  service.  The  test  requirements  of  a  number  of 
classes  of  lubricants  are  outlined  in  Table  89  and  represent  current 
practice.  Bearings,  guides,  and  all  external  rubbing  surfaces  may  be 
lubricated  in  a  number  of  ways.  (1)  They  may  be  given  an  inter- 
mittent application  of  oil,  as,  for  example,  with  an  oil  can;  (2)  they  may 
be  equipped  with  oil  cups  with  restricted  rates  of  feed;  and  (3)  they 
may  be  flooded  with  oil.  The  relative  lubricating  values  of  the  systems 
have  been  estimated  approximately  as  follows  (Power,  December,  1905) 
p.  750) : 


Intermittent. . . . 
Restricted  feed. 
Flooded  bearing, 


Coefficient  of  Fric- 
tion. 


0.01  and  greater 
0.01  to  0.012 
0.00109 


Comparative 
Value. 


72  and  less 
79  to  86 
100 


410.  Intermittent  Feed.  —  Intermittent  applications  are  ordinarily 
limited  to  small  journals,  pins,  and  guides  which  are  subject  to  light 
pressures  and  which  do  not  easily  permit  of  oil  or  grease  cups,  as,  for 
example,  parts  of  the  valve  gear  of  a  Corliss  engine,  governors,  and  link 
work.  On  account  of  the  labor  attached  and  the  frequent  doubt 
about  the  oil  reaching  the  wearing  surfaces  this  method  of  lubrication 
is  limited  as  much  as  possible  even  in  the  smallest  plants. 

411.  Restricted  Feed.  —  In  the  average  power  plant  the  major  part 
of  the  lubrication  is  effected  by  means  of  oil  cups  which  are  filled  at 
intervals  by  hand  or  by  mechanical  means,  the  oil  being  fed  from  the 
cup  by  drops,  according  to  the  requirements. 

412.  Oil  Bath.  —  In  large  power  plants  the  principal  journals  and 
wearing  parts  are  supplied  with  a  continuous  flow  of  oil  which  com- 
pletely "floods"  the  rubbing  surfaces.  The  oil  is  forced  to  the  various 
parts  either  by  gravity  from  an  elevated  tank  or  by  pressure  from  a 
pump.  After  the  oil  leaves  the  bearings  it  flows  into  collecting  pans, 
thence  into  a  receiving  and  filtering  tank,  and  finally  is  pumped  back 
into  an  elevated  reservoir  and  used  over  and  over  again.  The  little 
lost  by  leakage  and  depreciation  is  replenished  by  the  addition  of  new 
oil  to  the  system. 
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TABLE  120. 

PHYSICAL  CHARACTERISTICS   OF  A  NUMBER  OF  LUBRICANTS. 

(Power,  December,  1005,  p.  750.) 


Kind  of  Oil. 


High-pressure  cylinder 
oil. 


Use  and  Adaptation. 


For  steam  cylinders  using  dry 
steam  at  proorurea  from  110 
to  210  pounds. 


25 

to 

24.5 


30 


000 

to 

610 


045 
to 


175 
to 


General  cylinder  oil . . 


For  steam  cylinders  using  dry 
steam  at  75  to  100  pounds. 
For  air  compressor  cylinders 
when  made  from  steam-re- 
fined mineral  stock  and  when 
viscosity  is  200. 


to 
25.6 


80 


W0 

to 

585 


000 

to 

030 


Wet  cylinder  oil. 
(Remark  1.) 


For  use  where  the  steam  is  moist, 
especially  in  compound  and 
triple  expansion  engines. 


Gas  engine  cylinder  oil. 
(Remark  2.) 


For  gas  engine  cylinders.  Neu- 
tral mineral  oil  compounded 
with  an  insoluble  soap  to  give 
body. 


Automobile  gas  engine 
oil.     (Remark  3.) 


For  automobile  gas  engines  and 
similar  work. 


Heavy    engine    and 
machinery  oils. 


For  heavy  slides  and  bearings, 

shafting,  and  horizontal  sur- 
faces. 


General    engine    and 
machine  oils. 


For   high-speed   dynamos  and 
machines. 


Fine  and  light  machine 
oils. 


Cutting  and  heat  dis- 
sipating oils. 
(Remark  4.) 


Refrigerating  oils. 


Wet  service  and  marine 
oils.      (Remark  4.) 


For  fine  work,  from  printing 
presses  to  sewing  machines 
and  typewriter  oils.  With  a 
cold  test  of  25°  to  28°  and  a 
viscosity  of  140°  this  makes 
an  excellent  spindle  oil. 


For  cutting  tools,  screw  cutting 
and  similar  work. 


For  ice  machinery. 


For  marine  service,  or  where  a 
great  deal  of  moisture  must 
be  handled. 


25.8 

to 
25.3 


30 


500 

to 

585 


000 

to 

080 


20.5 


30 


320 


350 


20.5 


30 


430 


485 


80.5 

to 
20.5 


30 


400 


440 

to 

450 


30.8 
to 
30 


32.5 

to 
30.2 


27 
to 
23 


30 


400 

to 

420 


450 

to 

470 


_  L 


30 


400 


440 


30 


410 

to 

420 


475 

to 

480 


30.2 


200 


225 


28 


Greats !  They  are  used  in  special  work 

and  for  heavy  pressures  mov- 
ing at  slow  velocities. 


30 


430 


475 


to 
1M 


150 
to 

m 


170 

to 

195 


175 

to 

190 


110 
to 
100 


210 

to 

175 


165 


230 


Remark  1 .  —  May  contain  not  over  2  to  6  per  cent  of  refined  addless  tallow  oil  in  the  tairb- 
pressure  oils  and  not  over  6  to  12  per  cent  in  the  low-pressure  oils. 

Remark  2.  —  The  reason  for  using  an  insoluble  soap  such  as  oleate  of  aluminum  is  that  tt 
is  impossible  to  decomiw*  the  soap  with  a  high  heat;  the  soap,  although  not  a  lubricant,  ii* 

vehicle  for  carrying  some  oil. 

Remark  3.  —  Owing  to  a  lack  of  body,  this  oil  will  not  interfere  with  the  sparking  by 

iting  carbon  on  the  platinum  point. 

Remark  4.  —  May  contain  30  to  40  per  cent  of  pure  strained  lard  oil. 
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413.  OH  Caps.  —  Fig.  524  illustrates  the  application  of  sight-feed  oil 
cups  to  the  crosshead  and  slides  of  a  reciprocating  engine.  The  oil  is 
fed  into  the  cups  by  hand  and 
gravitates  to  the  rubbing  surfaces, 
the  rate  of  flow  being  regulated  by 
a  needle  valve.  Cups  A  and  B  feed 
directly  to  the  crosshead  guides, 
but  the  oil  from  cup  D  flows  to 
the  bottom  orifice  0,  from  which 
it  is  wiped  by  a  metallic  wick  S, 
and  carried  by  gravity  to  the  wrist 
pin. 

414.  Telescopic  Oiler.  —  Fig.  525  i 
shows  the  application  of  a  telescopic 
tiler  to  a  crosshead  and  guides.  0 
and  C  are  sight-feed  oil  cups,  the 
former  feeding  directly  to  the  top 
guide  through  the  tube  S.  The  oil 
from  C  flows  by  gravity  through  the  swing  joint  into  the  telescopic  tubes 
P,  R,  and  thence  to  the  pin  through  the  lower  swing  joint  as  indicated. 


Flo.  525.     Nugcnt'a  Telescopic  Oiler. 


As  the  crosshead  moves  back  and  forth,  the  pipe  P  slides  into  and  out  of 
pipe  R,  the  oil  being  thus  conducted  directly  to  the  pin  without  wasting. 
A  device  of  this  type  installed  on  a  high-speed  automatic  engine  at  t*» 
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be  center  of  the  crank  shaft.  Centrifugal  force  throws  the  oil  outward 
hrough  pipe  B  to  the -center  of  the  pin  D,  which  is  drilled  longitudinally 
nd  radially  so  as  to  distribute  the  oil  upon  the  bearing  surface. 

417.  Pendulum  Oiler.  —  Fig.  528  illustrates  the  application  of  a 
endulum  oiler  to  the  crank  pin  of  a  center-crank  engine.  Oil  cups 
nd  pendulum  P  are  fastened  to  the  crank  shaft  S  by  trunnion  T.  The 
endulum  holds  the  cup  vertical,  since  the  friction  of  the  trunnion  is  not 
ufficient  to  revolve  it.  Oil  flows  along  the  center  of  the  crank  shaft 
nder  the  head  of  oil  in  cup  0  and  is  thrown  outward  to  bearing  B  by 
entrifugal  force. 

418.  "  Splash  Oiling."  —  In  some  high-speed  engines  the  crank,  coll- 
ecting rod,  and  crossheads  are  inclosed  by  a  casing,  the  bottom  of 
hich  is  filled  with  oil  to  such  a  depth  that  at  each  revolution  of  the 
•ank,  the  end  of  the  connecting  rod  is  partly  submerged.     The  result 

that  the  oil  is  splashed  into  every  part  of  the  chamber,  and  the  crank 
in,  crosshead  pin,  and  crosshead  slides  practically  run  in  an  oil  bath. 

419.  Gravity  Oil  Feed.  —  Fig.  529  illustrates  a  simple  gravity  oil-feed 
rstem.  .  The  oil  to  the  engine  is  supplied  from  the  oil  tank  by  pipe  D 
nder  pressure  corresponding  to  the  height  of  the  tank  above  the  oil 
ips.  After  performing  its  function  the  oil  gravitates  to  the  filter  and 
om  the  latter  to  the  oil  reservoir,  from  which  it  is  pumped  back  to 
le  supply  tank,  the  overflow  being  returned  to  the  reservoir  through 
ipe  N.  Operation  is  interrupted  only  when  new  oil  is  to  be  added  to 
le  system  from  the  barrel  through  the  flexible  filling  pipe.  In  case 
le  oil  tank  is  put  out  of  commission,  or  the  supply  pipe  becomes  clogged, 
dl  pump  pressure  may  be  used  by  closing  valves  R  and  S  and  opening 
xlve  E.  The  make-up  oil  is  small  in  amount  compared  to  the  quantity 
rculated.  The  reclaiming  and  purifying  of  the  oil  are  essential  if  the 
tarings  are  to  be  flooded,  otherwise  the  cost  of  oil  would  be  prohibitive. 
t  the  power  house  of  the  South  Side  Elevated  Railway  the  daily 
rculation  (24  hours)  of  engine  oil  is  approximately  1500  gallons.  The 
lake-up  oil  amounts  to  eight  gallons. 

An  objection  sometimes  made  to  the  above  system  is  that  the  varying 
eights  of  oil  in  the  supply  tank  may  cause  considerable  variation  in 
pressure  at  the  oil  cups,  causing  them  to  feed  faster  when  the  tank  is 
ull  and  slower  when  the  tank  is  nearly  empty.  This  applies  only  to 
nstallations  where  the  supply  tank  is  filled  intermittently. 

420.  Low-pressure  Gravity  Feed.  —  Fig.   530  shows  the  application 

"  low-pressure  oiling  system  in  which  the  level  in  the  sight  feeds  is 

xmstant.    A  is  the  main  supply  tank,  Bl  and  B2  the  upper  and 

gauges  indicating  the  oil  level,  C  the  supply  pipe  running  to  the 

,  and  D  a  small  standpipe  closed  at  one  end  and  vented  n« 
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top.  The  reservoir  is  supplied  with  oil  by  the  valve  marked  "inlet* 
When  the  tank  is  filled  the  oil  rises  in  the  standpipe  D  a  correspond^ 
height.  The  inlet  valve  is  then  closed  and  the  oil  in  the  standpipe 
feeds  down  to  the  level  of  the  sight  feeds  or  to  a  point  where  the  air 
will  enter  the  bottom  of  the  tank.  This  will  be  the  constant  oil  tad, 
since  oil  flows  from  the  tank  only  in  proportion  to  the  amount  of  ai 
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Fiq.  529.     Simple  Gravity  Feed  System. 

admitted.     A  head  of  6  inches  has  been  found  to  give  the  best  results 
(Engineer,  17.  S.,  March  16,  1903,  p.  243.) 

421.  Compressed-air  Feed.  —  Fig.  531  shows  diagrammatically  the 
arrangement  of  the  oiling  system  at  the  First  National  Bank  Building, 
Chicago.  The  storage  tank  containing  the  supply  of  engine  oil  is 
under  air  pressure  at  all  times  except  during  the  short  periods  when  it 
is  being  tilled  with  oil  from  the  filter.  The  air  pressure  on  the  surface 
of  the  oil  forces  it  to  a  manifold  on  the  engine  from  which  it  is  difr 
sibtited  to  the  various  oil  cups.    The  oil  flows  from  the  different 
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Fig.  530.    Low-Pressure  Gravity  Feed,  Constant  Head. 
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Fio.  631.    Oiling  System  at  the  Power  Plant  of  the  First  National  Bank  Building,  Chicago 
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bearings  to  the  returns  tank  located  at  the  base  of  the  engines.  Wka 
the  tank  is  filled  air  pressure  is  admitted  and  the  oil  forced  to  thesetttqg 
tank,  which  has  a  capacity  of  about  400  gallons  and  is  located  netrtht 
ceiling.  The  oil  is  allowed  to  settle  and  the  entrained  water  and  fbrap 
material  are  drained  to  waste.  The  oil  ^gravitates  from  this  tank  to  a 
series  of  Turner  oil  filters.  When  a  new  supply  of  oil  is  needed,  vabv 
A  and  B  are  closed  and  vent  valve  C  opened,  cutting  off  the  supply  of 
air  and  reducing  the  pressure  to  atmospheric.  Valve  D  is  then  opened 
and  oil  flows  from  the  filters  to  the  storage  tank. 

422.  Cylinder  Lubrication.  —  The  test  requirements  for  cylinder  crib 
are  outlined  in  Table  126,  from  which  it  will  be  seen  that  pure  mineral 
oil  fulfills  practically  all  requirements  for  dry  steam.  In  connection 
with  moist  steam,  as  in  the  low-pressure  cylinders  of  compound  engina, 
an  addition  of  from  2  to  5  per  cent  of  acidless  tallow  oil  is  recommended. 
Vegetable  oils,  beeswax,  lard  oil,  degras  (wool  grease),  and  the  lib 
should  never  be  used  in  compounding  cylinder  oils.  The  best  cylinder 
oils  are  made  from  Pennsylvania  stock.  For  data  pertaining  to  the 
amount  and  grade  of  cylinder  oil  used  in  a  large  number  of  piston  engine 
plants  see  Table  I,  p.  824,  Jour.  A.S.M.E.,  May,  1910.  See  also  "  Lubri- 
cants and  Lubrication,"  by  Dr.  C.  F.  Mabery,  Jour.  A.S.M.E.,  Feb, 
1910. 

Cylinder  oils  must  be  forced  to  the  parts  requiring  lubrication  against 
the  prevailing  steam  pressure,  which  is  ordinarily  accomplished  by 
(1)  cylinder  cups,  (2)  hydrostatic  lubricators ,  or  (3)  hand  or  power  driven 
force  pumps. 

423.  Cylinder  Cups.  —  A  cylinder  oil  cup  consists  essentially  of  a 
steam-tight  brass  vessel  fitted  at  the  bottom  with  a  pipe  connection 

r  and  valve.     A  screwed  cap  offers  a  means  of 

introducing  the  lubricant  into  the  cup.  After 
the  cap  is  in  place  the  valve  is  opened  and  the 
cup  is  subjected  to  full  steam  pressure.  The 
pressure  in  the  cup,  being  equal  to  that  in  the 
steam  chest  or  cylinder,  permits  the  lubricant  to 
gravitate  through  the  valve  into  the  cylinder. 

Fig.  532  shows  a  section  through  an  improved 
form  of  oil  cup  in  which  the  oil  feeds  from  the 
top  instead  of  the  bottom  as  is  the  case  with 
the  common  form  of  cylinder  cup.  The  vessel 
is  attached  to  the  steam  chest  or  to  the  supply 
pipe  below  the  throttle  valve.  Steam  is  admits 
ted  through  opening  B  and,  condensing,  settles 
through  the  oil  to  the  bottom.     This  raises  the  level  of  the  oil  until  it 
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Fkj.  f)32.     L<\vl:md  Auto- 
matic Cylinder  Cup. 
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ins  to  overflow  down  the  same  passage  by  which  the  steam  enters. 

s  action  is  intensified  by  the  fluctuation 

team  pressure.     The  rate  of  feeding  is 

dated  by  valve  V  and  tested  by  un- 

wing  plug  F.     If  oil  appears  through 

ding  G,  the  cup  is  feeding  oil;  if  steam 

yater  is  emitted  the  cup  is  empty.     The 

is  filled  by  means  of  plug  E  and  the 
er  drained  at  D. 

A.  Hydrostatic  Lubricators.  —  The  most 
imoh  method  of  cylinder  lubrication  is 
means  of  hydrostatic  lubricators  of  the 
it-feed  class,  Fig.  533.  The  principle  of 
ration  is  as  follows:  The  lubricator  is 
d  with  cylinder  oil  by  removing  cap  K, 

height  of  oil  appearing  in  glass  L.  If 
er  is  present  the  oil  floats  on  top  as 
cated.  After  the  cap  is  screwed  in  place 
valves  in  the  condenser  pipe  are  opened, 
jecting  the  oil  in  the  vessel  to  steam- 
>  pressure.  Steam  is  condensed  in  pipe 
illing  tube  B  and  part  of  C,  thus  adding 
to  the  steam 


pressure  the 

pressure  due  to  the  weight  of  the  water 
column.  Valve  F,  which  communicates 
with  the  top  of  the  vessel  by  means  of  tube 
A,  is  opened  wide,  as  is  also  the  regulating 
valve  7.  The  pressure  at  B  being  greater 
than  that  at  A  by  an  amount  equivalent 
to  the  height  of  the  water  column,  forces 
the  oil  through  A  and  the  "sight  feed"  S 
to  the  steam  pipe.  The  rate  of  flow  is 
controlled  by  the  regulating  valve  7.  As 
the  oil  flows  from  the  vessel  its  space  is 
occupied  by  condensed  steam,  the  height 
of  oil  and  water  being  visible  in  glass  L. 
Owing  to  the  small  capacity  of  the  lubri- 
i.  534.  Lunkenheimer  sight-  cator  it  must  be  refilled  frequently.  To 
reduce  the  amount  of  labor  required  with 
above  apparatus,  independent  sight  feeds,  Fig.  409,  are  sometimes 
1  in  connection  with  a  central  reservoir.     Such  an  installati' 
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"^r   piston,  which  is  ei^ilv 

:-  sometimes  used,  which  iw> 

s-.ea=i  pipe.     Fig.  .337  show* 

■::ion  with  punip  reservoir  to 


42U.  C  antral  *><tt<'fn*.    -  F._\  ">  -:.-.-t«  the  piping  for  a  large  central 
->7t#-rn  of  <- :  .-        .-:..::.•  !.'  r:    .*:•:..     There  are  two  storage  tank- 
on  tii«:  f;hf»i:i« -:■*■■::.  :: '•■■•:      :.■'■  :  »r  '-yliri'ivr  uil  and  the  other  for  engine 
oil,  t,h<r  di-triiv;  ■!:.;:    .::::.'»' Mi-r.N  living  the  same  in  each  case.    TV 
oil  »-  purnj^l  from  «-.:<■:.  ■  ■.:■.',:  into  ::  main  pipe  extending  the  length  of 
*.si«-.  f{fifein<!  room  and  pr**-.  1*1*  d  with  branches  at  each  point  requiring 
li'-tTi'sitioii.    The  oil  pumps  an-  actuated  by  steam  and  are  of  the  duplex 
r"iu'*'*rtMi%  type,  provided  with  automatic  governors  which  regulate 
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'  speed  to  suit  the  demand  for  oil.  The  cylinder  oil  is  forced  through 
special  sight-feed  lubricator,  Fig.  539,  under  a  pressure  of  about 
pounds  in  excess  of  the  steam  pressure.  Referring  to  Fig.  539, 
phragm  valve  D,  in  the  bottom  of  the  lubricator,  is  kept  closed  by 


Fio.  536.    Rochester  Forced-feed  Lubricator. 


steam  pressure  admitted  through  pipes  B.  Thus  the  inlet  pressure 
st  be  greater  than  that  of  the  steam  before  the  valve  will  open  and 
ait  oil  to  the  engine.     The  oil,  after  entering,  passes  upward  through 

sight-feed  glass  and  downward  through  the  hollow  arm  A  to  the 


Fio.  537.      Forced-feed  Cylinder  Lubcicati 


im  pipe.  The  engine  oil  is  forced  by  the  pump  to  the  various  points 
ler  a  pressure  of  about  20  pounds.  The  waste  oil  is  caught  in  suit- 
e  receptacles  and,  after  being  filtered,  is  returned  to  the  storage  tank 
a  steam  pump.  This  pump  is  connected  so  that  it  can  supply  the 
rage  tank  either  from  the  filter  or  with  fresh  oil  from  a  large  oil  t*   ' 
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merit.     By  this  arrangement  all  handling  of  oil  in  the  engine 

ne  away  with. 

Filters.  —  After  oil  has  been  applied  to  machinery  its  iubri- 

pcrties  become  impaired  on  account  of  (1)  contamination 

ubricating  material,  such 

tallic  particles  from  wear, 

and  resin;  and  (2)  ex- 
icat  and  the  atmosphere 
res  off  part  of  the  more 
nstituents  and  decreases 
'  of  the  oil. 

small  plants  no  attempt 

reclaim  oil  that  has  once 

since  the  quantity  is  so 
t  the  cost  and  trouble 
would   more    than   offset 

Where  large  quantities 

i  -j        i_i  •  Fio.  539.     Siegrist  Sight-feed  Lubricator. 

used,  considerable  saving 

ected  by  using  it  over  and  over  again.  To  render  the  oil  fit 
1  must  be  thoroughly  purified.  The  anti-lubricating  matter 
by  precipitation  and  filtration. 

shows  a  section  through  a  "White  Star"  oil  filter  and  purifier. 
atus  consists  of  a  cylindrical  sheet-iron  vessel  divided  into 
two  compartments  by  a  ver- 
tical partition.  These  two 
compartments  are  con- 
nected near  the  top  by  valve 
B.  The  smaller  chamber  is 
provided  with  a  funnel  A 
and  a  steam  coil  for  heating 
the  contents.  The  large 
chamber  contains  a  cylin- 
drical wire  screen  covered 
with  several  folds  of  filtering 
cloth.  Impure  oil  is  poured 
into  funnel  A ,  the  upper  part 
of  which  is  provided  with  a 
removable  sieve  or  strainer, 
largcd  below  the  surface  of  the  water  through  holes  in  the  foot 
.  The  thin  streams  of  oil  rise  vertically  to  the  surface  of  the 
the  heavy  particles  of  grit  and  dirt  gravitate  to  the  bottom, 
coil  heats  the  oil  and  water  and  facilitates  precipitate 
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the  solid  matter  by  thinning  out  the  streams  of  oiL     When  the  oil  in  1 
smaller  chamber  reaches  the  level  of  valve  B  it  flows  into  the  filter  b 
which  removes  the  remaining  impurities  and  permits  the  purified  pU 
ucts  to  flow  into  the  large  compartment  from  which  it  may  be  dt 
at  will.    All  parts  are  accessible  and  readily  removed  for  cleaning 
poses.    The  accumulated  sediment  in  the  bottom  of  the  small  ehu 
is  discharged  to  waste  at  intervals  by  means  of  a  suitable  drain.   Wk 
the  filter  cloth  is  to  be  removed,  valve  B  is  closed  and  the  wire  cytinad 
is  disconnected  and  lifted  out.     Any  oil  remaining  in  the  filter  is  m 
turned  to  funnel  A.    The  filter  cloth  is  held  against  the  screen  by  com 
and  hence  is  readily  removed. 
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Fig.  541  shows  a  section  through  a  Turner  oil  filter,  illustrating  t) 
type  of  filter  usually  installed  in  large  stations  where  continuous  f 
tration  is  desired.  This  apparatus  consists  of  a  rectangular  tai 
divided  into  four  compartments.  The  returns  from  the  lubricatii 
system  flow  into  section  1  through  a  screened  funnel  and  discharj 
into  the  water  space  at  the  bottom  of  the  compartment.  The  oil  ris 
through  the  water,  passes,  under  pressure  of  the  head  in  the  funo 
through  a  layer  of  filtering  material  resting  on  a  perforated  plate,  ai 
collects  in  an  inverted  cone.  Through  perforations  around  the  top 
the  cone  it  passes  into  a  dirt  chamber,  where  most  of  the  heavy  impit 
ties  are  deposited,  and  then,  still  rising,  passes  through  another  pt 
foratcd  plate  and  more  filtering  material.  The  partially  cleaned  a 
which  issues,  overflows  into  the  second  compartment  and  thence  in 
the  third,  the  same  cycle  of  operations  being  repeated  in  these  tw 
The  overflow  from  the  third  compartment  descends  through  a  fia 
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i  the  fourth  compartment  and  collects  at  the  bottom,  from  which 
ithdrawn  by  the  oil  pump. 

ider  Lubrication:  Power,  Feb.  15,  1910,  Jan.,  1905,  p.  36;  Engr.,  Lond., 
±  96,  pp.  55,  108, 132, 155;  Engr.  U.  S.,  Oct.  15, 1906,  p.  682;  Jour.  A.S.M.E., 
d  May,  1910. 

ellaneous.  —  Measurement  of  Durability  of  Lubricants:  Trans.  A.S.M.E., 
1.  Valuation  of  Lubricant  by  Consumer:  Trans.  A.S.M.E.,  6-437.  Suit- 
■)f  Lubricants:  Power,  Nov.,  1906,  p.  673.  Oil  Required  for  Lubricators: 
orld,  May  5,  1906,  p.  934.  Gumming  Tests:  Jour.  Am.  Chem.  Soc,  April, 
.  467.     Valuation  of  Lubricants:    Jour.  Soc.  Chem.  Ind.,  April  15,  1905, 

icalion,  General:  Power,  Sept.  12,  1911,  p.  396;  Prac.  Engr.,  Feb.  15,  1912, 

'uriftcation:  Elec.  World,  Dec.  1,  1906,  p.  1053. 

omy  in  Lubrication  of  Machinery:    Trans.  A.S.M.E.,   4-315.     Theory  of 
of  Lubrication:  Trans.  A.S.M.E.,  6-437. 

riments,  Formulas,  and  Constants  for  Lubrication  of  Bearings :  Am.  Mach., 
3.  1281,  1316,  1350. 

icators  and  Lubricants:  Power,  Sept.  21,  1909,  p.  486;  Feb.  22,  1910,  p.  347. 
lion  of  an  Oil  for  Lubrication:  Power,  July  27,  1909,  p.  137. 


CHAPTER  XVII. 

TESTING  AND  MEASURING  APPARATUS. 

438.  General.  —  The  importance  of  maintaining  a  system  of  re 
is  discussed  in  paragraph  459.  The  various  items  which  may  I 
corded  and  the  instruments  and  appliances  used  in  this  connectu 
outlined  in  the  accompanying  chart.  In  large  stations  a  full  c< 
ment  of  indicating,  recording,  and  integrating  instruments  may 
to  be  a  good  investment  if  intelligently  and  closely  studied  1 
operating  engineer  with  a  view  to  locating  and  eliminating  unnec 
losses.  The  instruments  should  be  inspected  and  calibrated  at 
vals,  since  many  of  them  are  delicately  constructed  and  are 
become  inaccurate  after  a  few  months'  service.  Steam  gauges 
mometers,  and  pyrometers,  and  particularly  water  meters  are  i 
to  appreciable  error  after  considerable  use.  Voltmeters,  ammete 
other  switchboard  instruments  are  easily  deranged,  especially 
subjected  to  continuous  vibration  or  to  high  temperature. 

429.  Weighing  the  Fuel.  —  In  most  small  pla 
delivery  tickets  of  the  coal  dealer  are  depend? 
for  the  weight  of  coal  used,  no  attempt  lieinj 
to  determine  its  evaporative  value,  and  the  ec 
of  the  plant  is  judged  by  the  size  of  the  coal  b 
such  cases  a  considerable  saving  may  be  effec 
keeping  a  daily  record  covering  at  least  the  c( 
water  consumption.  The  coal  can  be  convei 
weighed  on  ordinary  platform  scales.  In  a  n 
uf  large  stations  the  weight  of  coal  is  determi 
.suspended  weighing  hoppers,  which  may  be  s 
ary,  as  in  Fig.  148,  or  mounted  on  a  traveling 
as  in  Fig.  140.  The  scales  of  such  devices  an 
indicating,  autographic,  integrating,  or  a  combi 
of  the  three,  the  latter  costing  but  little  mor 
the  simple  indicating  or  recording  devices. 

A  simple  and  inexpensive  coal  meter  r< 
brought  out  is  illustrated  in  Fig.  542.  It  e 
essentially  of  a  helical  vane  placed  in  a  cylii 
ivement  of  the  coal  causes  the  vane  to  rota; 
volutions  is  a  measure  of  the  weight  of  fuel 
772 


of  i 


TESTING  AND  MEASURING  APPARATUS 


773 


TESTING  AND  MEASURING  APPARATUS. 


es 


>era- 

9 


Fuel 


s  Water 


gas 
ysis 


■e. 


alysis 


Indicating. 


STEAM   PLANT. 

[  Platform  scales,  indicating  and  autographic. 
Suspension    hoppers,    indicating    and    auto- 
graphic. 
.  Coal  meters,  integrating. 
( Platform  scales  and  tanks. 

I  Piston. . .  . 
Rotary 
Disk 
Venturi,  indicating  and  au- 
tographic. 
1  Weirs  and  volume  displacement  meters. 
Weighing  condensed  steam. 

Steam  meters,  j  gg£t. 

Bourdon  gauge,  indicating  and  autographic. 
Manometers,  mercurial,  indicating. 
Manometers  —  mercurial,     indicating,     and 
autographic. 

Low . ; .  i  Manometers  —  water,  indicating,  and  auto- 

I      graphic. 

I  Diaphragms,  indicating  and  autographic. 
(  Mercurial  thermometers,  indicating. 
Up  to  800  deg.  F. . .  <  Expansion     thermometers,     indicating     and 

(      autographic. 
Expansion     thermometers,     indicating     and 

autographic. 
Resistance     thermometers,     indicating     and 


Steam 


High 


800  to  2500  deg.  F. . 


autographic. 
»le< 


I  Developed. 


Thermo-electric     thermometers,      indicating 
and  autographic. 
( Optical    pyrometer,    indicating    and    auto- 
Over  2500  deg.  F. . .  <      graphic. 

(  Platinum  or  clay  ball  pyrometer. 

( Indicated  {  Indicators,  hand  manipulated. 

I  ( Indicators,  continuous  autographic. 

f  Rope  brake. 
Prony  brake. 

Absorption  dynamometers. 
L  Electric  generator. 
rOrsat  apparatus. 
J  Arndt'8  econometer,  indicating. 
1  Westover  recorder,  autographic. 
\  Uehling  gas  composimeter,  autographic. 
In  air Hygrometer,  indicating  and  autographic. 

In  steam Calorimeters. .  j  xhrottlinf' 

(  f  Mahler  bomb. 

Coal  calorimeters...     ^£rn 

I  Parr. 
>  Gas  calorimeter Junker. 
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Voltmeters,  A.  C.  and  D.  C,  indicating  and  autographic. 

Ammeters,  A.  C.  and  D.  C,  indicating  and  autographic. 

Wattmeters,  A.  C.  and  D.  C.,  integrating  and  autographic. 

actor. .  .Power  factor  meters,  A.  C.  only,  indicating  and  autographic. 

icy Frequency  meter,  A.  C.  only,  indicating. 

)msm..  .Synchronizers,  A.  C.  only,  indicating. 
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ing.  For  hard  coal  of  uniform  size  the  meter  gives  consistent  resuhl 
agreeing  within  two  per  cent  of  scale  weight,  but  with  bituminous 
coal  the  results  are  somewhat  erratic  and  particularly  so  with  lumps 
of  varying  size.  (For  a  detailed  description  of  the  device,  see  Prat 
Engr.,  U.  S.,  Apr.  15,  1912,  p.  438.) 

430.  Measurement  of  Feed  Water.  —  The  quantity  of  water  fed  to 
the  boiler  may  be  determined  by 

1.  Actual  weighing. 

2.  Measurement  of  volume  displacement. 

3.  Measurements  by  weirs  and  orifices. 

4.  Measurement  by  determining  the  velocity  of  flow  in  the  feed  pipe. 
Some  of  these  methods  necessitate  measurement  on  the  suction  ade 

of  the  pump;  others  are  applicable  to  either  suction  or  pressure.  The 
former,  as  a  class,  are  the  more  accurate  but  involve  bulky  apparatus. 
The  choice  for  any  given  case  depends  upon  the  quantity  of  liquid  to 
be  measured,  the  degree  of  accuracy  required,  space  requirements,  and 
first  cost. 

431.  Actual  Weighing  of  Feed  Water.  —  The  most  accurate  means  of 
measurement  is  by  the  use  of  two  or  more  tanks  resting  upon  scales, 
arranged  to  be  filled  and  emptied  alternately.  This  method  is  limited 
to  comparatively  small  quantities  because  of  the  great  bulk  of  apparatus 
involved  and  is  seldom  used  for  continuous  service.  It  is  commonly 
employed  in  conducting  special  tests  of  short  duration  and  for  calibra- 
tion purposes.  For  regular  boiler  service  it  involves  considerably  more 
time  than  is  ordinarily  at  the  disposal  of  the  fireman  and  engineer. 
For  temperatures  above  150  degrees  F.,  the  weighing  tanks  should  be 
covered,  since  evaporation  may  cause  an  appreciable  error.  See  ako 
"Rules  for  Conducting  Boiler  Trials,"  A.S.M.E.,  Code  of  1912,  re- 
printed  in  Appendix  R. 

432.  Worthinfcton   Weight   Determlnator.  —  Fig.    543  shows  the  gen- 
eral details  of    the  Worthington  weight  determinator,  illustrating  a 
commercial  means  of  continuously  measuring  and  recording -the  weight 
of  water  fed  to  the  boiler.     The  apparatus  consists  primarily  of  two 
tanks  of  equal  size,  A   and  B,  each  mounted  on  knife  edges  A'  and 
equipped  at  one  end  with  a  siphon  8  and  at  the  other  end  with  counter 
weight  W.    The  liquid  to  be  measured  flows  through  inlet  pipe  P  and 
along  deflector  D  into  either  tank.     Each  tank  remains  in  a  horizontal 
w-.ition  until  the  weight  of  liquid  overcomes  the  counter  weight  whf-n 
r-  •  '*•  into  the  position  shown  by  the  dotted  lines.     Discharge  now 
-.^^  -,  ^  through  siphon  8  until  the  liquid  reaches  a  certain  level  at 

r-M-  sh\  the  tank  tilts  back  to  its  original  position  and  the  siphon 
-■/-..v.*-**  >v*  action  until  the  vessel  is  emptied.     The  tanks  operate 
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alternately,  one  filling  while  the  other  is  discharging.  Since  each  tilt 
represents  a  definite  weight  of  liquid  irrespective  of  variations  in  volume 
due  to  specific  gravity  or  changes  in  temperature,  the  number  of  tilts 
as  recorded  by  counter  C  is  a  correct  measure  of  the  weight  discharged. 
This  apparatus  operates  at  atmospheric  pressure  and  is  arranged  to 
discharge  into  a  storage  tank  from  which  the  feed  pump  takes  its  supply. 


SECTION  X-Y 

Fio.  543.     Worthington  Water  Weigher. 

433.  Kennleott  Water  Weigher.  —  This  apparatus  is  used  in  many 
boiler  houses  and  seems  to  give  universal  satisfaction.  It  consists  of  a 
cylindrical  shell  S,  Fig.  544,  the  lower  part  of  which  is  divided  into  two 
measuring  compartments  A  and  B,  each  fitted  with  a  siphon  for  dis- 
charge and  a  float  F  for  actuating  the  tripping  mechanism.  Tripping 
box  E  is  divided  into  two  sections  which  alternately  fill  with  water  and 
serves  the  double  purpose  of  furnishing  a  sufficient  quantity  of  water 
to  start  the  siphons  and  to  shift  the  supply  from  one  compartment  to 
the  other.  This  tripping  box  is  balanced  on  knife  edges  and  is  mounted 
directly  above  the  measuring  compartments.  Water  enters  the  inlet 
and  passes  to  the  tripping  box  where  a  small  portion  is  intercepted, 
the  remainder  passing  directly  to  the  measuring  compartment  l*?Iow, 
When  this  compartment  is  nearly  filled  the  float  tilts  the  tripping  box, 
discharges  its  contents  into  the  compartment,  and  starts  the  siphon.  A 
counter  registers  each  double  charge.  This  apparatus  discharges  at 
atmospheric  pressure,  though  with  slight  modification  it  may  be  in- 
stalled on  the  pressure  side  of  the  pump.  Kcnnicott  water  weighers 
are  constructed  in  various  sizes  ranging  from  a  capacity  of  750  to  one 
million  pounds  per  hour  and  arc  guaranteed  by  the  manufacturers  to 
record  the  correct  weight  of  water  within  one-half  of  one  per  cent  of 
scale  weight  at  any  given  temperature.  Calibration  for  different  tem- 
peratures is  necessary  since  the  apparatus  is  actuated  by  volume  dis- 
placement.   For  example,  the  weight  of  one  cubic  foot  of  wa* 


776 


STEAM  POWER  PLANT   ENGINEERING 


60  degrees  F.  is  62.37  pounds  and  at  210  degrees  F.  it  is  59.88,  a  diffa- 
encc  of  2.49  pounds.  Hence,  if  the  device  is  calibrated  to  read  correct); 
at  60  degrees  it  would  be  in  error  4  per  cent  if  used  to  measure  water 
at  210  degrees  F. 

434.  WUlcoi  Water  Weigher.  —  Another  successful  volume  displace- 
ment meter  is  illustrated  in  Fig.  545.  The  device  consists  of  a  cylin- 
drical tank  divided  into  an  upper  and  lower  compartment  by  a  hori- 
zontal partition.  The  water  enters  the  upper  compartment,  passes  to 
the  lower,  in  which  its  volume  is  measured,  and  then  out  through  the 
U-shaped  discharge  pipe.  The  operation,  beginning  with  both  com- 
partments empty,  is  as  follows:   Water  enters  the  upper  compartment 


through  the  inlet  pipe  and  rises  to  the  top  of  the  stand  pi  pe.  (Thelattei 
is  open  at  the  top  and  bottom  and  is  rigidly  connected  to  the  bell  float, 
but  when  in  its  lowest  position  it  is  held  against  its  seat  by  weight  of 
the  liell  float.)  Further  admission  of  water  causes  it  to  overflow  into 
and  through  thestamlpipe  into  the  lower  compartment.  The  water,  ris- 
ing in  the  lower  compartment,  seals  the  lower  edge  of  the  bell  float  and 
entraps  a  volume  of  air  under  the  bell.  Further  rise  compresses  the  air 
under  the  lloat,  in  leg  ('  of  the  discharge  pipe  and  in  leg  A  of  the  trip 
pipe  AH.  This  compression  causes  the  float  to  rise  to  its  highest  pew- 
*':on  and  raises  the  stand  pipe  from  its  seat,  permitting  the  water  in  the 
'.:>rr  chamber  to  pom-  into  the  lower  vessel.  Compression  of  air  con- 
-._-_ .—  until  the  pressure  incomes  great  enough  to  break  the  seal  in  the 
■:— .  -J.-x.  This  action  immediately  reduces  the  pressure ■  below  the 
i.--.  -t^niits  the  latter  to  descend,  sealing  the  upper  chamber  against 
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r  discharge,  and  allows  the  water  in  the  lower  compartment  to 
>hon  out  through  the  discharge  pipe.  The  number  of  discharges  is 
corded  mechanically. 

13.  Weir  Measuring  Devices.  —  Feed  water  heaters  or  specially 
;ned  tanks  fitted  with  V-shaped  or  trapezoidal  weir  notches  offer 
uple  means  of  measuring  the  instantaneous  rate  of  flow.  The 
ter  chamber  is  divided  into  vertical  compartments  arranged  BO  that 
i  may  discharge  through  a  calibrated  weir  notch  into  the  other. 
The  height  of  water  above  the  bottom  of  the  notch  is  a  direct  measure 
of  the  volume  flowing.  The  height  may  be  noted  in  an  ordinary  gauge 
glass  or  it  may  be  transferred  through  a  suitable  float  mechanism  to  an 
outside  indicator.     In  determining  the  total  flow  for  any  given  period 


F;u.  51I1. 


■nl  Pinion  Water  Meter.     (Worth ington.) 


it  is  necessary  to  take  readings  at  frequent  intervals.  The  chief  draw- 
back to  this  method  lies  in  the  difficulty  of  preventing  sudden  fluctua- 
tions in  water  level  due  to  surging  in  the  heater.  For  the  theory  of 
weir  notches,  orifices,  and  nozzles  consult  "Experimental  Engineering," 
Carpenter  and  Diederichs,  191 1 ,  Chapter  XII.  See  also,  Jour.  A.S.M.E., 
Oct.,  1912,  p.  1479. 

436.  Pressure  Water  Meters.  —  There  are  a  number  of  reliable  water 
[ktetera  on  the  market  for  hot  or  cold  water  which  may  be  placed  on  the 
pressure  side  of  the  feed  pump.  Among  them  may  be  mentioned  the 
Betsey,  ( 3rown,  Nash,  and  Wortbington.  They  arc  all  based  on  volume 
Steplacement  and  consequently  require  correction  for  different  tem- 
peratures if  graduated  to  read  in  pounds.  They  are  compact,  com- 
paratively inexpensive,  and  require  considerably  less  space  than  the 
tank  weighers  of  the  Kennicotl  and  Willcox  type  but  are  open  to  the 
objection  that  no  particular  provision  is  made  against  leakage  and  after 
Considerable  use.  they  are  subject  to  serious  error.  In  many  plants  where 
meters  of  this  type  are  installed  the  meter  is  by-passed  and  ■ 
only  for  short  periods.     For  continuous  service  meters  of  1 
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weighing  or  Venturi  type  are  recommended.  Fig.  646  illustrates  the 
piston  type  of  pressure  meter,  in  which  reciprocating  pistons  are  dis- 
placed by  a  definite  volume  of  water;  Fig.  420,  the  rotary  type,  de- 
pending upon  the  displacement  of  rotary  impellers;  Fig.  547,  the  duk 
type,  in  which  impellers  are  given  a  combined  rotating  and  tilting 


Mat 


Fig.  547.     A  Typical  Disk  Water  Meter.     (Nash.) 

motion.     The  capacities  of  pressure  meters,  irrespective  of  type  or 
maker,  range  approximately  as  follows: 

Size  of  meter  (pipe  size) J,      J,      J,      1,    1J,     2,      3,      4,     6 

Maximum  capacity,  cubic  feet  per  minute: 

Rotary  or  disk  meters 1,      2,      4,      8,    12,    20,    36,    72,    120 

Piston  meters 1|,     3,      5,      6,      8,    23,    60,    120. 

437.  Venturi  Meter.  —  The  Venturi  tube  with  indicating,  auto- 
graphic, and  integrating  mechanism,  as  constructed  by  the  Builder's 
Iron  Foundry  of  Providence,  R.  I.,  is  one  of  the  most  satisfactory 
methods  of  measuring  feed  water  under  pressure.  The  total  absence 
of  working  parts  in  the  meter  proper  insures  continuity  of  operation 
and  freedom  from  wear,  and  the  fact  that  the  recording  mechanism 
may  l>e  placed  at  a  considerable  distance  from  the  meter  is  a  great 
advantage.  The  Venturi  tube,  Fig.  548,  is  essentially  the  same  in 
principle  as  an  orifice  placed  in  the  pipe.-  The  pressure  difference  H 
Ivtwivn  .1  in  the  "upstream"  portion  of  the  tube  and  B  at  the  "throat" 
's  <  -v.oa^ure  of  the  velocity  through  the  throat.  The  loss  of  head  due 
'v  ■- criou  is  negligible  and  the  velocity  may  be  calculated,  within  an 
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error  of  3  per  cent,  from  the  following  modification  of  Bernoulli's 
theorem: 


•      Vt  =  —. 

VFu*  -  Ft* 

in  which 

Vt  =  velocity  at  the  throat,  feet  per  second. 
Fu  =  area  of  the  upstream  section,  square  feet. 
Ft  =  area  of  the  throat,  square  feet. 
H  =  pressure  difference,  feet  of  water. 


(284) 
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Fig.  548.     Venturi  Tube  with  Indicating  Manometer. 


Manometer 


For  accurate  work  the  tube  requires  calibration.  Once  calibrated  the 
error  in  weight  readings  for  a  given  temperature  should  not  exceed  one 
per  cent  for  capacities  within  the  working  range  of  the  manometer. 
For  very  low  throat  velocities  the  error  may  be  considerable  because 
of  the  slight  pressure  difference  between  the  points  A  and  B.  In  situa- 
tions where  there  are  periods  of  very  low  and  very  high  rates  of  flow, 
as  in  connection  with  combined  heating  and  lighting  plants,  it  is  cus- 
tomary to  install  a  small  tube  for  the  light  loads  and  a  large  tube  for 
the  heavy  loads,  the  same  indicating  mechanism  being  used  in  each 
case.  The  equipment  illustrated  in  Fig.  548  is  purely  indicating  and 
readings  must  be  taken  at  frequent  intervals  in  order  to  obtain  the  total 
flow  for  a  given  period.  Where  the  size  of  the  plant  warrants  the  out- 
lay the  combined  indicating,  integrating,  and  recording  instrument  is 
often  installed.  With  this  device  the  instantaneous  rate  of  flow  is 
indicated  by  a  pointer  and  dial,  the  variation  in  rate  of  flow  for  any 
given  period  is  recorded  on  a  clock-driven  chart,  and  the  total  weight 
flowing  is  registered  on  a  counter.  (For  a  detailed  description  of  this 
mechanism  see  Power,  Jan.  23,  1912,  p.  102.)  Tests  made  at  Armour 
Institute  of  Technology  on  a  carefully  calibrated  tube  and  recorder 
with  feed  water  at  210  degrees  F.  and  constant  rate  of  flow  gave 
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and  counter  readings  agreeing  substantially  with  scale  weights;  for 
irregular  and  fluctuating  flow,  as  when  feeding  the  boilers,  the  average 
error  was  about  one  per  cent. 

438.  Orifice  Measurements.  —  The  appropriation  of  the  great  majority 
of  small  steam  power  plants  does  not  permit  of  the  installation  of 
tank  meters,  Venturi  meters,  or  other  forms  of  reliable  commercial 
appliances  for  measuring  the  weight  of  water  fed  to  the  boilers.  For 
use  in  such  cases  an  inexpensive  and  fairly  accurate  indicating  meter 
may  be  constructed  of  ordinary  pipe  fittings,  as  illustrated  in  Fig.  549. 
A  thin -metal  diaphragm  with  circular  orifice  is  inserted  on  the  pres- 
sure side  of  the  feed  pump  and  the  pressure  drop  across  the  orifice  is 
measured  by  inclined  mercury  manometer.     The  height  of  mercuiy 
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Vm.  541).     Simple  Indicating  Water  Motor,  Orifice  Type. 

h  is  an  indication  of  the  rate  of  flow.  By  calibrating  the  manometer 
against  tank  measurements  the  readings  of  the  mercury  column  may 
be  graduated  to  read  directly  in  pounds  per  hour.  If  means  are  not 
available  for  calibration  purposes  the  weight  of  discharge  may  be 
approximated  from  the  formula 

ir  =  1120aVAd,  (285) 

in  which 

\Y  =  weight  flowing,  pounds  per  hour. 
».i  =  area  of  the  orifice,  square  inches. 
;   =  vertical  height  of  mercury  column,  inches. 
■  =  density  of  the  water,  pounds  per  cubic  foot. 

7  -  _  :  ..:*y  continuous  flow  and  pressure  drop  corresponding  to  three 
*     "  :v.-Tcury  or  more  this  simple  device  gives  results  agreeing 
--     -        _-  ;»:  cent   of  tank  weights,  but  for  widely  fluctuating  flow 
-  .."  -r^^ire  drops  the  error  may  be  considerably  more. 
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For  application  of  the  Pitot  tube  for  water  measurements  consult 
accompanying  bibliography. 

The  PUoi  Tube  far  Water  Measurements:  Trans.  A.S.M.E.,  Vol.  30,  1908,  p.  351; 
Vol.  25,  1904,  p.  184;  Vol.  22,  1901,  p.  284. 

The  Pitometer:  Proc.  Am.  Water  Wks.  Asso.,  1907,  p.  136;  Jour.  Frank.  Inst., 
Dec.,  1907,  p.  425. 

439.  Measurement  of  Steam.  —  The  quantity  of  steam  passing 
through  any  device  may  be  determined  by  (1)  condensing  and  weighing 
the  steam  after  it  has  passed  through  the  apparatus  and  by  (2)  measur- 
ing the  flow  by  means  of  steam  meters  before  it  enters.  The  first 
necessitates  the  use  of  surface  condensers,  and  consequently  has  a 
limited  field  of  application,  whereas  the  latter  may  be  used  in  both 
condensing  and  non-condensing  service. 

440.  Weighing  Condensed  Steam.  —  The  weight  of  condensed  steam 
may  be  obtained  by  any  of  the  devices  used  in  connection  with  feed 
water  measurements  but  such  measurements  are  seldom  made  except 
for  test  purposes  because  of  the  expense  or  labor  involved.  The  Wheeler 
Condenser  and  Engineering  Company's  "indicating  hot  well"  offers  a 
practical  and  simple  solution  of  continuously  measuring  the  condensed 
steam.  The  hot  well  is  attached  to  the  bottom  of  the  condenser  cham- 
ber in  the  usual  way  and  differs  from  the  ordinary  hot  well  only  in  the 
addition  of  a  vertical  partition.  This  partition  divides  the  hot  well 
chamber  into  two  compartments.  Condensation  from  the  condenser 
drains  into  one  of  these  compartments  and  flows  to  the  other  through 
a  calibrated  orifice.  The  height  of  water  above  the  orifice  as  shown  in 
the  gauge  glass  is  an  indication  of  the  weight  of  condensation  flowing. 
The  manufacturers  guarantee  an  accuracy  within  2  per  cent  of  scale 
weight  for  readings  over  the  whole  range.  The  readings  are  purely 
indicating  and  must  be  taken  at  frequent  intervals  in  order  to  give  the 
total  flow. 

441.  Steam  Meters.  —  The  weight  of  fluid  flowing  through  an  open- 
ing may  be  calculated  by  the  equation 

W  =  AyV,  (286) 

in  which 

W  =  weight  in  pounds  per  second. 

A  =  cross-sectional  area  in  square  feet. 

y  =  density  of  the  fluid,  pounds  per  cubic  foot. 

V  =  velocity  of  flow,  feet  per  second. 

All  steam  meters  for  indicating  or  recording  the  weight  of  steam 
flowing  through  a  pipe  are  based  upon  the  law  expressed  in  equation 
(286).  Thus,  for  steam  of  constant  density  the  opening  through  which 
it  flows  may  be  made  constant  and  the  variation  in  velocity  wi1 
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indication  of  the  rate  of  discharge;  or  the  velocity  may  be  held  constant 
and  a  variation  in  the  amount  of  opening  will  be  an  indication  of  the 
weight  discharged.  Unfortunately,  the  density  of  steam  is  seldom 
constant  under  commercial  conditions  and  herein  lies  the  inherent 
defect  of  all  steam  meters  which  depend  for  their  operation  upon* 
variation  in  the  area  of  efflux  or  a  variation  in  velocity.  The  densty 
of  steam  is  a  function  of  its  pressure  and  quality  and  any  variation  in 
either  will  affect  the  weight  of  discharge  as  determined  from  equation 
(280;.  Pressure  variations  may  be  automatically  compensated  for,  bat 
corrections  for  quality  must  be  made  in  each  specific  case. 


CLASSIFICATION  OF  STEAM  METERS 

'Impeller 


Indirect  Velocity 


Direct 


.  Throttling 


Pitot  tube 


j  Lindenheim  (1896)* 
\  Gebhardt  (190S)f 


Water  j  Burnham  (1905)t 

manometer  \  Clyde  (1910)t 

Mercury  t  General 

„     manometer  J      Electric  (1910)*t 


*  Current 
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Mechanical 
control 
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disk 
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tube 


(  Mercury 

j      manometer 
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manometer 


Holly  (1877)* 


f  St.  Johns  (lS93)tt 
Gehre  (1S96)U 
Baever  (1902)U 
Bendemen  (1902)  ft 
Sargent  (1908)f 
Lindmarkft 

Gehre-Hallwacha 

(1907-1910)*tt 
Sarco  (1910)*tt 
Storrer  (19I0)ft 


|  Eckardts  (1903)U 


Parenty  (1886)  ft 
Builders'  Iron 
Foundry  (1910)*t 


The  different  means  adopted  for  transmitting  this  area  and  velocity 

variation  to  the  indicating  or  recording  devices  overlap  to  such  an 

•rxVftit  as  to  render  a  classification  of  steam  meters  very  unsatisf acton'. 

Tt*  iwjmpanying  chart  is  offered  as  a  guide  in  grouping  the  most 

v*vr.v*ilv  known  devices.     From  this  chart  it  will  be  seen  that  all 

*-*?*r>  vjiy  be  grouped  into  general  ('lasses,  direct  and  indirect.    The 

n*r*r  is  an  integral  part  of  the  piping  and  the  entire  mass  of 

*  Integrating,         t  Indicating.         J  Autographic. 
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luid  to  l>c  measured  passes  through  the  apparatus.  It  is  not  portable 
md  cannot  be  readily  applied  to  pipes  of  different  sizes.  In  the  indirect 
oeter  only  a  small  part  of  the  fluid  to  be  measured  is  directed  through 
he  apparatus  and  the  pipe  line  need  not  be  disconnected  fur  its  install** 
ion.  One  instrument  suitably  calibrated  may  answer  for  any  size  of 
Mpe. 

The  average  high-grade  steam  meter  is  a  reliable  and  accurate  means 
it  measuring  the  flow  of  steam  in  straight  lengths  of  pipes,  provided 
.he  flow  is  continuous  or  that  the  change  in  the  rate  of  flow  is  gradual  and 
.he  pressure  and  quality  are  practically  constant.  For  interrupted  or 
ntermittent  flow  and  for  sudden  variations  in  pressure  or  quality,  the 
■t-sults  are  not  reliable  and  may  be  considerably  in  error.  The  accuracy 
>f  all  meters,  provided  they  have  been  correctly  calibrated  and  adjusted, 
lepends  largely  upon  the  degree  of  refinement  in  reading  the  indicators 
uid  in  integrating  the  charts.  The  commercial  failure  of  many  steam 
ncters  is  due  to  the  fact  that  they  are  not  cared  for  or  operated  in 
itrict  accordance  with  the  principles  of  design. 

Only  a  few  of  the  best-known  meters  will  be  described  here.  For  a 
detailed  discussion  of  the  various  types  of  steam  meters  see  the  author's 
paper  "Various  Types  of  Steam  Meters,"  Power,  Feb.  6  and  13,  1912. 


Fi<;». .'..»,  .'..'>i,  :,:>■. 


442.  "Gebhardt"  Steam  Meters.  —  Figs.  550  to  554  illustrate  various 
forms  of  indicating  steam  meters  designed  and  tested  at  the  Armour 
Institute  of  Technology,  which  arc  based  on  the  principles  of  the 
Pilot  tube.  Referring  to  Fig.  550,  A  and  C  are  two  ordinary  gauge 
cocks  and  G  is  a  common  gauge  glass,  C  being  connected  with  the  static 
nozzle  ,S  and  A  with  the  dynamic  tube  D.  The  height  of  water  H  is 
proportional  to  the  square  of  the  velocity  of  steam  flowing  through 
[jfpe  /'  and  automatically  adjusts  itsdf  to  the  variations  in  velocity; 
ttniftj  for  decreasing  velocities,  the  water  in  glass  <l  discharges  t 
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D  until  the  water  column  H  balances  the  velocity  pressure  in  pipe  P, 
and  for  increasing  velocities,  condensation  from  the  upper  part  of  the 
instrument  accumulates  and  the  water  column  H  rises  until  a  balance 
is  effected  for  the  higher  velocities. 

The  relation  between  the  height  of  the  water  column  and  the  velocity 
of  the  steam  in  the  main  pipe  at  the  entrance  to  the  dynamic  tube  may 
be  determined  from  the  well-known  equation 

.       . .  .  V-cV2gh,  (287) 

in  which 

V  =  maximum  velocity  of  flow,  feet  per  second. 

c  =  coefficient  determined  by  experiment. 

h  =  height  of  a  column  of  steam  equal  in  weight  to  the  water 

column  H. 

This  equation  may  be  expressed 

.       i>f  V  =  K\/H!f,  (288) 

in  which  T       °* 

K  =  coefficient  determined  by  experiment. 

H  =  height  of  water  column  in  inches. 

dw  =  density  of  water  in  gauge  glass,  pounds  per  cubic  foot. 

dB  =  density  of  steam  in  the  main  pipe. 

Because  of  the  labor  of  determining  the  relationship  between  the 
mean  and  the  maximum  velocity  for  various  conditions  of  flow  and  dif- 
ferent pipe  diameters  it  is  more  satisfactory  to  calibrate  the  gauge,  by 
actual  experiment,  to  read  directly  in  pounds  per  hour. 

This  simple  device  in  connection  with  a  calibrated  scale  gives  readings 
within  ")  per  cent  of  condenser  measurements  for  continuous  flow  and 
constant  pressure  and  quality  of  steam  (for  velocity  pressures  corre- 
sponding to  1 J  inch  of  water  or  more).  For  a  considerable  variation  in 
pressure  and  quality  or  for  marked  changes  in  rate  of  flow  the  instru- 
ment is  not  reliable.  Its  sensitiveness  is  greater  at  high  velocities,  since 
I  he  height  of  water  column  in  the  gauge  glass  increases  with  the  square 
of  the  velocity  of  the  steam  in  the  main  pipe.  For  interrupted  flow,  as 
w  hen  connected  to  a  high-speed  engine,  the  water  column  may  be  made 
to  closely  approximate  the  mean  velocity  by  suitably  throttling  the 
gauge  cocks. 

Tigs.  .">,")  1  and  .">f)3  show  application  of  the  same  principle  with  only 
connection  to  the  main  pipe.      The  commercial  meter  (Fig.  553) 
tendings  within  2   per  cent   of   condenser  weights  for  velocity 
corresponding  to  1  inch  of  water  or  more.      Fig.  552  shows 
n  which  may  he  placed  below  or  above  the  point  in  the  main 
ciK'h  the  Pi  tot  tubes  are  placed.     The  operation  is  as  follows: 


one 

\ 


•    <  «■  1 1 
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Velocity  pressure  is  transmitted  through  tube  D  and  opening  0,  into  the 
body  of  the  chamber  M.    This  pressure,  acting  on  the  surface  of  the 
condensed  steam  in  the  cham- 
ber, forces  the  water  into  the 
glass  W  until  a  balance  is  ef- 
fected.   Condensation  is  dis- 
charged continuously  through 
pipe  P  and  the  water  seal  U 
of   the  main  pipe.     Tests  of 
this  meter  have  given  results 
agreeing  within  2  per  cent  of 
condenser    measurements   for 
continuous  flow  for  all  veloc- 
ities ranging  from  the  equiva- 
lent of  a  1-inch  to  a  10-inch  * 
water  column.     No  provision 
is  made  for  automatic  correc- 
tion of  pressure  and  quality 
Variation  in  any  Of  these  de-     F,Q'  553'     Commercial  Form  of  "Gebhardt" 
vices.     (For   the   theory    and 

results  of  tests  of  the  Pitot  type  of  steam  meter  see  author's  paper  "  The 
Pitot  Tube  as  a  Steam  Meter,"  Trans.  A.S.M.E.,  Vol.  31,  p.  603.) 

Fig.  554  shows  a  modified  form  for  very  low  velocities  or  for  low- 
density  steam.  The  rise  and  fall  of  the  water  column  is  transmitted 
through  a  small  float  and  multiplying  gears  to  an  indicating  dial  and 
pointer.  Referring  to  the  illustration,  S  is  the  static  tube  and  D  the 
dynamic  tube.  The  movement  of  float  B  is  transmitted  through  levers 
L  and  JV  to  sector  G  and  pinion  P.  Pinion  P  is  secured  to  bar  magnet 
M,  so  that  the  rise  and  fall  of  float  B  cause  the  magnet  to  rotate.  Oppo- 
site magnet  M,  but  outside  the  casing,  is  another  bar  magnet  M'  (see 
figure  in  lower  corner  of  illustration).  The  movement  of  bar  M  within. 
the  casing  is  transmitted  to  bar  M'  outside  the  casing,  magnetically, 
thus  obviating  the  use  of  stuffing  boxes. 

443.  General  Electric  Steam  Meters.  —  The  General  Electric  Com- 
pany has  recently  placed  on  the  market  a  number  of  steam  meters  of 
the  Pitot-tube  type  in  which  a  mercury  column  is  used  to  measure  the 
velocity  pressure.  The  principle  involved  is  an  old  one,  but  this  com- 
pany is  the  first  to  exploit  it  successfully  from  a  commercial  standpoint. 
Three  styles  are  manufactured,  (I)  in  which  the  velocity  pressure  is 
measured  directly  by  means  of  a  U-tube  manometer;  (2)  in  which  the 
variation  in  the  height  of  the  mercury  is  transmitted  to  an  indicating 
dial  through  the  agency  of  floats  and  pulleys;  and  (3)  in  wl 
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variation  in  the  weight  of  the  mercury  column  actuates  a  recording 
mechanism  by  means  of  a  series  of  compound  levers. 


Gcbhardt"  Steam  Meter  for  Low  Velocities. 
The  principle  of  the  simple  indicating  device  is  illustrated  in  Fig.  555, 
n  which  S  is  the  static  nozzle  at  right  angles  to  and  D  the  dynamic 
nozzle  facing  the  current;  U  is  an  ordinary 
U-tube  manometer  partially  filled  with 
mercury.  When  there  ia  no  flow  the  sur- 
face of  the  mercury  in  the  columns  N  and 
W  will  be  on  the  same  level  and  the  upper 
portions  will  be  filled  with  condensed  vapor. 
When  there  is  a  flow,  the  mercury  will  be 
depressed  as  indicated  and  the  difference  H 
in  the  heights  of  the  mercury  columns  will 
he  a  measure  of  the  velocity  of  flow  at  the 
point  in  the  pipe  where  the  dynamic  tube 
is  placed. 

This  velocity  may  be  expressed  by  sub- 
sti  tuting  the  proper  values  inequation  (287), 

i.  ?■ .  /ocoi 


thus 


=  K\/h~ 
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in  which 

d_  =  density  of  the  mercury  in  pounds  per  cubic  foot.     (Other  nota- 
tions as  in  equation  (288)). 

A  comparison  of  equations  (288)  and  (289)  wilt  show  that  the  mercury 
manometer  is  less  sensitive  than  the  water  manometer  by  an  amount 
equivalent  to  dm  ■*■  d„  or  approximately  13.6.  The  variable  height  of 
the  water  column  above  the  mercury  is  usually  included  in  the  value 
of  the  coefficient  K. 

The  General-Electric  indicating-flow  meter, 
shown  in  Fig.  556,  differs  from  the  simple 
device  just  described  in  that  a  simple  nozzle 
plug,  shown  in  detail  in  Fig.  557,  is  used  in 
place  of  the  ordinary  static  and  dynamic 
nozzles.  Referring  to  Fig.  557,  TT  are  the 
static  openings  or  "trailing  set"  and  LL  the  ?t,"u 
dynamic  openings  or  "leading  set."  The 
plug  is  screwed  into  the  pipe  with  the  "  leading 
set"  directly  facing  the  current  and  the  con- 
nections to  the  manometer  are  made  through 
the  openings  T'  and  U.  The  weight  of  steam 
flowing  may  be  obtained  directly  from  the  mm 
height  of  the  mercury  column  H,  Fig.  556,  by 
means  of  suitable  charts  based  upon  experi-  ££ 

ments.   Adjustment  for  variations  in  pressure,  fio.  556.    General  Principle* 
quality,  and  pipe   diameter   are  made    by     °f  the  G.-E.  indicating-flow 
setting  the  chart  cylinder  C  in  accordance      Meter- 
with  the  graduated  scales  at  the  bottom  of  the  instrument. 

For  general  purposes  a  single  revolving  chart  is  furnished,  the  readings 
of  which,  multiplied  by  the  area  of  the  pipe,  give  the  weight  of  steam 


Fio.  557.     Nonle  Plug;  G.-E.  Steam  Meter. 
flowing.     For  low  velocities  the  difference  in  the  heights  of  the  mercurv 
columns,  if  vertical,  is  so  small  as  to  lead  to  serious  error;  hem 
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vision  is  made  for  this  by  inclining  the  manometer  as  indicated  in 
Fig.  558.  With  this  the  actual  head  of  mercury  due  to  the  velocity  is 
//,  hut  the  difference  in  the  lengths  of  the  columns  is  D.     The  indication 

on    the    chart    corresponding   to  the 
height  of  the  mercury  in  the  glas>  T" 
multiplied   by   a  constant   depending 
upon  the   inclination  of  the  chart  is 
the  rate  of  flow  in  pounds  ]*r  hour  per 
square  inch  of  the  pipe  cross-section. 
The    accuracy    of   this    meter  de- 
pends entirely  upon  the  refinement  of 
Fig.  55^.    inclined  Mercury     "   adjustment  and  the  extent  of  error 
Manometer.  m  reading  the  height  of  the  mercury 

column.  If  correctly  set,  an  error  in  reading  of  ^  mc^  f°r  a  velocity 
corresponding  to  a  vertical  column  £  inch  high  would  be  12£  per  cent,. 
whereas  the  same  error  referred  to  a  vertical  column  6 J  inches  high 
would  be  but  1  per  cent.  Tests  of  this  instrument,  conducted  at 
the  Armour  Institute  of  Technology,  gave  readings  for  continuous  flow 
agreeing  within  1  to  8  per  cent  of  condenser  measurements,  depending 
upon  the  rate  of  flow.  For  interrupted  flow  the  departure  from  con- 
denser readings  was  more  marked.  This  meter  is  portable,  simple  in 
construction,  and  readily  applied  to  any  pipe  by  inserting  the  nozzh- 
plug  at  the  required  point,  although  considerable  care  is  necessary  in 
setting  it  up  and  in  making  the  necessary  adjustments  for  pipe?  diameter, 
steam  pressure1,  and  quality. 

The  ( J .-K.  Boiler-flow  meter  differs  from  the  one  just  described  in  that 
the  variation  in  height  of  the  mercury  column  is  transmitted  through 
a  float  and  pulleys  to  two  bar  magnets,  one  within  the  casing  and  the 
other  without.  The  indicating  needle  is  fastened  to  the  outer  mapn»-t 
and  revolves  in  harmony  with  the  variation  in  height  of  the  mercury 
column.  The  magnet  controlling  device  is  identical  in  principle  with 
that  described  in  connection  with  Fig.  f>/54. 

The  autographic  instrument,  Fig.  ooO,  is  one  of  the  most  successful 
recording  devices  on  the  market  and  is  finding  much  favor  with  engi- 
neers.    Its  operation   is  shown  diagrammatic-ally  in  Fig.   560.     Two 
'•ylindrical  mercury  cups  It  and  K\  constituting  the  legs  of  a  I'-tute 
r.VTcury  manometer,  are  pivoted  on  knife  edge  P  and  are  connected 
*■"•  *ri"  nozzle  plug  by  the  flexible  tubes  A  and  A'.     The  instrument 
■:"  v-  placed  at  any  point  below  the  level  of  the  nozzle  plug,  one  mstru- 
-1-""*  " '-lag  sufficient  for  a  number  of  nozzles.     When  there  is  no  flow 
■»■  -;-.f?^irv  in  the  two  wells  is  at  the  same  level  and  the  svstem  is  in 
+*»?*  viL-inw.    When  there  is  a  flow  the  velocity  pressure  causes  the 
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■cury  to  flow  from  R  to  R'  and  the  hitter  is  lowered,  carrying  with  it 
?  recording  pen  C.     The  vertical  distance  on  the  chart  between  0  and 


G.-E.  Recording  Steam  Meter. 
C  is  a  measure  of  the  weight  of  steam  flowing.     (This  system  of  mercury 
wells  was  used  as  early  as  ISSfi  in  a  steam  meter  designed  by  Parenty,) 
L'T' 

_JL 


Fia.  500.      Principles  of  the  G.-E.  Recording  Steam  Meter. 

Pressure  variation  is  automatically  compensated  for  by  the  slidinj 
weight  W,  the  position  of  which  relative  to  the  knife  edge  is  - 
the  Bourdon  tube  G;  thus  for  increasing  pressures  the  gauge  tube  te"  ' 
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to  straighten  out  and  raise  the  weight,  thereby  decreasing  the  leverage 
of  well  R'.  Adjustment  for  quality  is  made  by  shifting  the  position 
of  sliding  weight  W  by  hand. 

In  Europe  the  Gehre-Hallwachs  meter,  based  upon  the  same  principles 
as  the  G.-E.  recorder,  is  fitted  with  an  integrating  device,  thus  enabling 
the  total  quantity  of  flow  to  be  read  directly.     In  the  latter  instrument 

the  wells  are  cone  shaped  and  pro- 
portioned so  that  the  leverage  in- 
creases directly  with  the  weight  of 
the  steam  flowing  instead  of  increas- 
ing with  the  square  of  the  weight 
as  with  the  G.-E.  cylindrical  cups. 
This  uniform  motion  of  the  cups 
makes  it  comparatively  easy  to  add 
an  integrating  mechanism.  Refer- 
ring to  Fig.  561,  R  is  a  small  friction 
wheel  mounted  on  the  pen  arm  a 
and  connected  to  gears  c  and  d  by 
the  small  shaft  m;  P  is  a  clock-driven 
disk  in  contact  with  the  friction 
wheel  72.  As  the  pen  arm  moves  the 
wheel  R  in  and  out  from  the  center 
of  disk  Py  the  speed  of  the  small  friction  wheel  is  decreased  or  increased 
accordingly.  The  revolutions  of  R  are  transmitted  to  the  integrating 
mechanism  c  so  that  the  total  flow  may  be  read  directly  from  the 
dials. 

444.  St.  Johns  Steam  Meter.  —  In  the  groups  of  meters  described 
above  the  indicating  and  recording  mechanism  is  actuated  by  the  natural 
velocity  of  the  steam.  In  the  St.  Johns,  Sargent,  Gehre-Hallwachs. 
Storrer,  Eckardt,  and  Venturi  steam  meters  the  velocity  is  increased  by 
throttling  and  the  pressure  drop  is  utilized  in  actuating  the  mechanism. 
The  weight  of  steam  flowing  through  the  orifice  may  be  calculated  from 
r  he  following  modification  of  equations  (286)  and  (287) : 


Fio.  561.     Counting  Mechanism  for 
Steam  Meters. 


W  =  AK  y/pi  —  jh, 

.-i  -vUPSi 

T  -=  rounds  discharged  per  second. 


(290) 


\   -  iiT-a  of  the  orifice*,  square  feet. 

^•fiiuent  determined  by  experiment  and  includes  the  density 
i  "ftp  steam. 
■  •*  >  -  Treasure  on  the  upper  and  lower  side  of  the  orifice, 
winds  per  square  inch. 
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In  some  of  the  meters  the  pressure  drop  pi  —  pj  is  maintained  con- 
stant and  the  variation  in  the  area  A  actuates  the  indicating  mechanism, 
and  in  others  the  area  is  made  constant  and  the  variation  in  pressure 
drop  operates  the  mechanism.  ,- — . 

Fig.  562  represents  a  section  through  a  St. 
Johns  steam  meter,  illustrating  the  throttling 
type  with  a  floating  valve.  This  meter  was 
placed  on  the  market  20  years  ago  and  still 
finds  favor  with  many  engineers.  It  records 
the  weight  of  steam  passing  through  the  seat 
of  an  automatically  lifting  valve  which  rises 
and  falls  as  the  demand  for  steam  increases 
or  diminishes. 

Referring  to  the  illustration,  valve  V  is 
weighted  so  that  a  pressure  in  space  A  of 
2  pounds  greater  than  in  B  is  necessary  to 
raise  the  valve  off  its  seat.  This  pressure 
difference  is  constant  for  all  positions  of  the 
valve.  The  plug  is  tapered  so  that  the 
rise  of  the  steam  pressure  is  directly  pro- 
portional to  the  volume  of  steam  flowing  through  the  seat.  The 
movement  of  the  valve  is  transmitted  through  suitable  levers  to  an 
indicating  dial  and  a  recording  pen  so  that  the  instantaneous  and 
continuous  rate  of  flow  may  be  read  at  a  glance.     For  a  given  pressure 


Fid.  563.      Different  Forms  of  Manometer  Pressure  Gauges. 

and  quality  of  steam,  the  indicating  dial  and  chart  may  be  calibrated 
to  read  the  weight  of  discharge  directly,  corrections  being  made  for 
variations  in  pressure  and  quality.  The  manufacturers  guarantee  the 
readings  of  the  chart  to  l>e  within  2  per  cent  of  condenser  measurements 
for  a  total  pressure  range  of  10  pounds  from  the  mean  pressure  at  which 
the  chart  is  calibrated. 
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The  ••hit*f  ♦irawbaek  to  this  instrument  is  inherent  to  all  meters  of  the 
direct  type  in  that  they  are  bulky  and  the  steam  line  must  be  taken  down 
for  the  installation.  The  total  hourly  flow  may  be  obtained  by  inte- 
vcrating  the  curve.  Tests  of  this  meter  made  by  the  author  were  in 
accordance  with  the  guarantee  of  the  manufacturer  for  continuous  flow 
and  lor  moderate  changes  in  the  rate  of  flow.  For  rapid  fluctuations  in 
flow  the  results  were  not  so  satisfactory,  the  greater  error  lying  in  the 

difficulty  of  integrating  the  curve  correctly. 
445.  Pressure  Gauges.  —  The  Bourdon  type 
of  gauge,  either  autographic  or  indicating 
(Fig.  564),  is  the  most  familiar  and  satis- 
factory means  of  measuring  pressures  up 
to  1500  pounds  per  square  inch  or  more, 
although  diaphragm  gauges  are  also  used 
and  lx>th  are  employed  as  vacuum  gauge*. 
For  the  latter  purpose,  however,  the  mer- 
curial vacuum  gauge  has  the  advantage 
of  greater  accuracy  and  is  not  subject  to 
derangement.  Bourdon  gauges  should  be 
frequently  standardized  by  comparison  with 
;i  cruise  of  known  accuracy,  a  mercury  column,  or  a  gauge  tester. 

l\»:   '•■-■.ivinitu  very  low  pressures,  such  as  are  found  in  boiler  tlues 

.•:   ci^  ,,,.!'.,:\  indicating  or  recording  diaphragm  gauges  may  l>e  had. 

v..  M«*".f  :o:r:i  oi  I'-tubc  manometer  is  generally  employed,  the  design 

a-,    .i.-i-oii'd  lo  the  purpose  depending  upon  the  accuracy   ri.Hiuin--.l- 

'.'■  .   v'"!m-  l-iubc    Fig.  .">e>3i  when  filled  with  mercury  may  he  used  for 

^  /.••■.-.ted  oulv  bv  the  inconvenience  due  to  length  of  tul>e>.  ur 

tluid,  for  pressures  only  a  fraction  of  an  ounce  i*T 

Whore  greater  accuracy  is  required  than  can  he  obtained 

I" -lube,  some  modification  may  be  employed,  such  as 

L—  vi  .hi  cuii;e  with  one  inclined  leg  which  magnifies  the  reading 

•v^       V   form  oi  sensitive  gauge  is  sometimes  used  which 

,  .x   ,  x   .'v1.  ii:c  use  oi  two  fluids  of  different  specific  gravity,  as  oil 


Kit..  "H'»  -I.     Inuinloci  Pressure 


N.*» 


1  >, 


M' 


.  v    ■    "  ■ .  >  «    Pow it.  Aup.  1").  VM 1.  p.  230;  Aup.  IS,  190S.  p.  2SG. 

.«*.  ^MtxwuMtit  or  Temperature.     -  For  power-plant  purposes  iner- 

.-•^  :uv  mo<\  convenient  for  measuring  temj>erature* 

v    t     \^     ,  v.,-x  V.  and  are  inexpensive.     For  higher  temiXTature. 

».  ,  v  v\  »**\v<  F..  they  are  also  adapted,  but  must  he  made  uf 
»■  .-.  ,-.**  ..i*.  \.;  saioo  above  the  mercury  filled  with  nitrogen  under 
•  •■■•-.     i    ■..         •.  .,\vri:'.at ion  of  the  mercury.     Such  thermometers 
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must  be  used  intelligently  and  should  be  standardized  from  time  to 
time,  since  they  are  subject  to  considerable  change.  The  Bureau  of 
Standards  at  Washington,  D.C.,  is  prepared  to  furnish  certificates  for 
which  a  nominal  charge  is  made. 

Fig.  565  shows  a  form  of  thermometer  which  is  much  used  where  a 
continuous  autographic  record  is  required.  It  depends  for  its  operation 
upon  the  pressure  produced  by  a  fluid,  liquid  or  gaseous,  contained  in 
a  small  bulb  and  exposed  to  the  temperature  to  be  measured.  The 
pressure  is  transmitted  to  the  recording  mechanism  through  a  flexible 


FlO.  565.     Bristol  Recording  Pyrometer. 


capillary  tube  which  may  be  of  considerable  length.  Such  thermom- 
eters are  suitable  for  feed  water,  flue  gas,  and  temperatures  not  exceed- 
ing 1000  degrees  F. 

Fig.  566  illustrates  a  form  of  electrical  pyrometer  employing  thermo- 
couples which  has  come  into  wide  use  as  a  reliable  means  of  measuring 
temperatures  up  to  2600  degrees  F.  The  couples  most  frequently  used 
are  composed  of  platinum  and  platinum-rhodium,  platinum  and  plati- 
num-iridium,  copper  and  copper-constantan,  and  copper  and  nickel, 
the  first  named  being  adapted  to  the  higher  ranges  of  temperature. 
The  electromotive  force  set  up,  when  the  thermo-j  unction  is  heated,  is 
proportional  to  the  temperature  and  is  measured  by  means  of  a  sensith 
millivoltmeter  which  is  usually  graduated  to  read  temperature  direo 
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Thermo-couples  may  be  made  to  give  an  autographic  record  by 
of  a  thread  recorder. 


Fto.  666.    Bristol  Thenno-Etootrio  PjrrwueUr. 

Fig.  567  shows  the  element  of  an  electrical  thermometer  baaed  upoa 
the  change  in  resistance  of  a  platinum  wire  when  subjected  to  chanp 
in  temperature.  The  resistance,  in  terms  of  temperature,  is  measured 
by  a  Whipple  indicator,  a  convenient  and  portable  form  of  Wheat- 
stone  bridge,  or  may  be  autographically  recorded  by  means  of  a  Cattat- 
dar  recorder.  Resistance  thermometers  of  this  type  are  very  sensitive 
and  accurate,  not  easily  deranged,  and  are  limited  in  range  only  by  the 
fusing  points  of  the  platinum  and  the  porcelain  protecting  sheath. 


Fig.  567.    Element  for  Callendar  Resistance  Pyrometer. 

» 

For  higher  temperatures  and  for  obtaining  the  temperatures  of  in- 
spaces  above  about  900  degrees  F.,  such  as  boiler  furnaces, 
ovens,  and  kilns,  various  forms  of  optical  and  radiation 
have  been  devised.     In  such  devices  no  part  of  the  instni- 
to  the  temperature  to  be  measured  and  hence  suffers 
this  cause.     Optical  pyrometers  are  based  upon  the 
«t  the  brightness  of  the  hot  body  by  comparison  with  * 
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standard.  The  Wanner  optical  pyrometer  is  shown  in  Fig.  568.  After 
standardizing  by  comparison  with  an  amyl-acetate  lamp,  it  is  only 
necessary  to  focus  the  instrument  upon  the  source  of  heat  to  be  measured 
and  the  temperature  is  read  on  the  graduated  scale. 


Flo.  606.    Wanner  Optical  Pyrometer  in  Position  (or  Standardising. 


Radiation  pyrometers  depend  upon  the  measurement  of  the  heat 
radiated  from  the  hot  body.  The  Fery  radiation  pyrometer,  Fig.  569, 
is  the  best-known  instrument  of  this  type.     When  focused  upon  the 


Fio.  569.     Fery  Radiation  Pyromet< 


source  of  heat  a  cone  of  rays  of  definite  angle  is  reflected  by  means  of 
the  mirror  upon  a  thermo-couple  located  in  its  focus.  The  electromotive 
force  set  up  is  measured  in  terms  of  the  temperature  of  the  source  of  heat 
by  a  millivoltmeter.    Neither  the  couple  nor  any  part  of  the  instruma 


796 


STEAM  POWER  PLANT  ENGINEERING 


is  ever  subjected  to  a  temperature  much  above  150  degrees  F.  Tl 
indications  are  practically  independent  of  the  distance  from  the  soun 
of  heat,  and  the  range  is  without  limit. 

TABLE  127. 

TYPES  OF  THERMOMETERS  IN  GENERAL  USE. 


Principle  of  Operation. 


Expansion. 


.Those  depending  on  the 
change  in  volume  or 
length  of  a  body  with 
temperature. 


Transpiration  and  vis-  Those  depending  on  the 
cosity.  flow  of  gases  through 

capillary  tubes  or  small 
apertures. 

Thermo-electric Those  depending  on  the 

electro-motive  force 
developed  by  the  dif- 
ference in  temperature 
of  two  similar  thermo- 
electric junctions  op- 
posed to  one  another. 

Electric  resistance Those  utilizing  the  in- 
crease in  electric  resist- 
ance of  a  wire  with 
temi>erature. 

Radiation Those  depending  on  the 

heat  radiated  by  hot 
bodies. 

Optical Those      utilizing       the 

change  in  the  bright- 
ness or  in  the  wave 
length  of  the  light 
emitted  by  an  incan- 
descent body. 

Ckkrimetrio Those  defending  on  the 

specific  heat  of  a  body 
raised  to  a  high  tem- 
perature. 

Those  depending  on  the 

unequal  fusibility  of 
various  metals  or 
earthenware  blocks  of 
varied   composition. 


Type. 


Gas 

Mercury,    Jena     glass, 
and  nitrogen. 

Glass  and  petrol  ether. 

Unequal  expansion  of 
metal  rods. 

The  Uehling 


Galvanometric 


Direct  reading  on  indi- 
•cator  or  bridge  and 
galvanometer. 

Thermo-couple  in  focus 
of  mirror. 
Bolometer , 

Photometric  compari- 
son. 

Incandescent  filament 
in  telescope. 

Xicol  with  quartz  plate 
and  analyzer. 

Platinum  ball  with 
water  vessel. 


Alloys  of  various  fusi- 
bilities.  (Seger  oones.) 


Range  in  Degrees 
for  which  they 
can  be  used. 


-400  to  +290 
-35  to  +950 

•325  to  +101 
Oto       950 

Oto    8900 


-400  to +290 


—  4O0to+220C 


300  to  4000 
—  400  to  Sun 

1100  to  Sun 

32  to  3000 


32  to  3350 


Tiling  pyrometer  depends  for  its  operation  upon  the  flow  of  g 
•l  -*=-..  apertures,  thus:    Air  is  continuously  drawn  through  tv 
k  constant  suction  produced  by  an  aspirator.     So  long 
tempe1    '        in  passing  through  these  orifices  the 
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is  no  change  in  the  partial  vacuum  in  the  chamber  between  them;  if, 
however,  the  air  passing  through  the  first  opening  has  a  higher  tem- 
perature than  that  passing  through  the  second,  the  vacuum  in  the 
chamber  will  increase  in  proportion  to  the  difference  in  temperature 
since  the  volume  of  air  varies  directly  with  the  temperature.  In  the 
application  of  this  principle,  the  first  aperture  is  located  in  a  nickel 
tube  which  is  exposed  to  the  heat  to  be  measured,  while  the  second  ap- 
erture is  kept  at  a  uniform  lower  temperature.  This  style  of  pyrom- 
eter is  made  to  indicate  and  record  and  the  indicating  and  recording 
mechanism  can  be  placed  at  a  distance  from  the  main  instrument. 

Table  127  embodies  in  outline  the  principles  and  temperature  ranges 
of  the  various  types  of  thermometers  in  use.  Temperature  ranges 
verified  by  U.  S.  Bureau  of  Standards. 

Modern  Methods  of  Temperature  Measurements:  Cassier's  Mag.,  June,  1909,  p. 
99.  High  Temperature  Measurements:  Eng.  and  Min.  Jour.,  Sept.  2,  1911,  p.  447; 
Power,  Aug.  2,  1910,  p.  1376;  Engineering,  Feb.  9,  1912,  Bui.  No.  2,  Bureau  of 
Standards. 


/'  teaiTwCaaditloaa  \ 
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Fio.  570.     Wilsey  Relative  Efficiency  Indicator. 


447.  Wilsey     Relative    Efficiency    Indicator.  —  Fig.    570    shows   the 
general  principles  of  the  Wilsey  relative  efficiency  indicator  for  indi- 
cating the  relative  boiler  and  furnace  efficiency  in  any  given  installatior 
It  consists  essentially  of  two  platinum  resistance  coils,  a  n 
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451.  Dynamometers.  —  Dynamometers  for  measuring  power  are  of 
two  distinct  types,  absorption  and  transmission.  In  the  former  the 
power  is  absorbed  or  converted  into  energy  of  another  form  while  in  the 
latter  the  power  is  transmitted  through  the  apparatus  without  loss, 
except  for  minor  friction  losses  in  the  mechanism  itself. 

The  ordinary  Prony  brake  is  the  most  common  form  of  absorption 
dynamometer.  In  the  various  forms  of  Prony  brakes  the  power  is 
absorbed  by  a  friction  brake  applied  to  the  rim  of  a  pulley.  For  low 
rubbing  speeds  and  comparatively  small  powers  it  affords  a  simple  and 
inexpensive*  means  of  measuring  the  actual  output. 

The  Alden  absorption  dynamometer  is  a  successful  form  of  friction 
brake  and  has  a  wide  field  of  application.  It  has  been  constructed  in 
large  sizes  and  is  adapted  to  all  practical  ranges  of  speed.  For  a  descrip- 
tion of  rope  brakes  and  the  Alden  absorption  dynamometers  see  Ap- 
pendix No.  19,  J).  1848,  Jour.  A.S.M.E.,  Nov.,  1912. 

Water  brakes  are  finding  much  favor  with  engineers  for  high-speed 
service.  There  are  two  types,  the  Westinghouse  and  the  Stuinpf.  In 
the  former  the  rotor  consists  of  a  simple  drum  with  serrated  periphery 
revolving  in  a  simple  casing,  the  inner  surface  of  which  is  serrated  in 
a  manner  similar  to  the  rotor.  The  resistance  is  produced  by  friction 
and  impact,  and  the  power  is  converted  into  heat  which  is  carried  away 
by  the  circulating  water.  The  casing  is  free  to  turn  about  the  shaft 
but  is  held  against  rotation  by  a  lever  arm.  The  torque  of  the  lever 
arm  is  determined  as  in  a  Prony  brake.  A  brake  of  this  design,  2  feet 
in  diameter  and  10  inches  wide  will  absorb  about  3000  horse  power  at 
3~>00  r.p.m.  In  the  Stumpf  type  the  rotor  consists  of  a  number  of 
smooth  disks  mounted  side  bv  side  on  a  common  shaft.  The  casing  is 
divided  into  a  number  of  compartments  corresponding  to  the  division 
of  the  rotor.  There  is  no  contact  between  rotor  and  casing.  The 
friction  between  the  disks  and  water  and  the  water  and  easing  tend* 
to  rotate  the  latter  and  the  torque  is  measured  in  the  usual  way.  In 
either  type  the  power  output-  is  readily  controlled  by  the  water  supply. 

/'///// p  brakes  ami  fun  brakes  are  also  used  as  absorption  dynamometers. 
The  latter  are  commonly  used  in  connection  with  automobile  engine 
testing. 

ELctromtujintic  brakes  are  occasionally  used  for  power  measurement 
They  consist  essentially  of  a  metal  disk  or  wheel  revolving  in  a  lim- 
netic field.  The  resistance  or  drag  tends  to  revolve  the  field  casing 
and  the  torque  is  measured  in  the  usual  way. 

An  electric  uenerator  mounted  on  knife  edges  forms  the  basis  of  the 

Spracue  electric  dynamometer.     The  prime  mover  drives  the  armature 

it  -.be  generator  and  the  reaction  between  armature  and  field  is  counter- 
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balanced  by  suitable  weights.     The  output  is  conveniently  regulated 
by  a  water  rheostat. 

Transmission  dynamometers  are  seldom  used  for  testing  prime  movers 
and  are  ordinarily  limited  to  small  power  measurements.  In  some 
instances,  however,  as  in  marine  service,  transmission  dynamometers 
afford  the  only  practical  means  of  approximating  the  net  power  de- 
livered to  the  propeller.  For  comparatively  small  power  measurements 
may  be  mentioned  the  Morin,  Kennerson,  Durand,  Lewis,  Webber  and 
Emerson  transmission  dynamometers,  and  for  large  powers,  the  Denny 
and  Johnson  electrical  torsion  meter  and  the  Hopkinson  optical  torsion 
meter.  For  detailed  descriptions  of  these  appliances  consult  "Experi- 
mental Engineering, "  Carpenter  and  Diederichs,  Chap.  X. 

4SZ.  Flue  Gas  Analysis.  —  It  has  been  shown  (paragraph  20)  that 
the  products  of  combustion,  commonly  called  flue  gases,  resulting  from 
the  complete  oxidation  of  coal  with  theoretical  air  supply  consist  chiefly 
of  nitrogen  and  carbon  dioxide,  with  lesser  amounts  of  water  vapor  and 
sulphur  dioxide.  It  was  also  shown  that  with  a  deficient  air  supply 
the  flue  gases  may  contain  carbon  monoxide  and  varying  amounts  of 
"hydrocarbon.  If  excess  air  was  used  in  the  combustion  of  the  fuel  free 
oxygen  would  be  present  in  the  gases.  Evidently  an  analysis  of  the 
flue  gases  offefe  a  basis  for  judging  the  efficiency  of  combustion.  The 
first  step  in  the  analysis  and  the  most  important  one  is  the  obtaining 
of  a  representative  sample.  Since  the  gases  in  the  breeching  and  flues 
may  be  far  from  homogeneous  great  care  must  be  exercised  in  getting 
a  true  average  sample.  (See  Apparatus  and  Methods  for  Sampling  and 
Analysis  of  Furnace  Gases,  U.  S.  Bureau  of  Mines,  Bui.  No.  12,  1911.) 

The  analysis  as  ordinarily  made  in  commercial  practice  is  called 
volumetric,  although  in  reality  it  is  based  upon  the  determination  of 
partial  pressures.  According  to  Dalton's  laws  (paragraph  239)  when 
a  number  of  gases  are  confined  in  a  given  space  each  gas  occupies  the 
total  volume  at  its  own  partial  pressure,  and  the  total  pressure  is  the 
sum  of  all  the  partial  pressures.  When  one  of  the  gases  is  absorbed  by 
a  suitable  medium  and  the  remaining  gases  are  compressed  back  to  the 
original  total  pressure,  a  volume  decrease  is  found,  and  if  the  tempera- 
ture remains  constant  this  decrease  represents  the  volume  absorbed. 

The  apparatus  usually  employed  for  volumetric  analysis  consists  of 
a  graduated  measuring  tube  into  which  the  gases  are  drawn  and  accu- 
rately measured  under  a  given  pressure,  and  a  series  of  treating  tubes, 
containing  the  necessary  absorbing  reagents,  into  which  they  are  trans- 
ferred until  absorption  is  complete.  The  Or  sat  apparatus,  Fig.  571, 
forms  the  basis  of  nearly  all  of  the  portable  appliances  on  the  market 
for  analyzing  flue  gases  and  the  ordinary  products  of  combustion. 
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coil  and  batteries  for  exploding  the  methane  and  hydrogen  remaining 
in  the  burette  after  the  other  constituents  have  been  removed.  When 
extreme  accuracy  is  desired  mercury  is  used  as  the  displacement  medium 
in  the  leveling  bottle  since  water  absorbs  COj  to  a  certain  extent.  For 
a  complete  description  of  this  apparatus  with  sample  calculations  see 
paper  read  by  F.  M.  Williams  before  Division  of  Industrial  Chemists 
and  Chemical  Engineers,  American  Chemical  Society,  Washington, 
D.  C,  Dec.  28,  1911. 


Fit*.  572.     Williams  Improved  Gas  Apparatus. 

454.  "Little"  Modified  Orsat  Apparatus.  —  Fig.  573  illustrates  a 
modified  Orsat  apparatus  as  used  by  the  Arthur  D.  Little  Company  of 
Boston,  Mass.  The  right  half  of  the  device  is  the  ordinary  Orsat 
apparatus  and  the  left  portion  constitutes  the  sampling  attachment. 
The  gases  are  drawn  from  the  source  of  supply  through  rubber  tube  (2) 
into  the  sampling  pipette  (3)  and  out  through  rubber  tube  (1)  to  the 
aspirator.  The  latter  may  be  operated  by  steam  or  water.  When  a 
sample  is  being  collected  the  three-way  cock  on  the  glass  header  is  closed 
and  the  mercury  in  the  sampling  tube  (4)  is  allowed  to  drain  through 
the  movable  overflow  into  the  mercury  retainer.  The  overflow  is 
lowered  at  a  constant  rate  by  clockwork.  Two  driving  pulleys  afford 
seven  different  rates  of  movement  downward  of  the  overflow,  thereby 
enabling  a  continuous  sample  to  be  collected  at  constant  rate  over  any 
period  from  J  to  24  hours.  Instantaneous  samples  may  he  drawn  off 
and  analyzed  as  often  as  desired  and  with  practically  no  delay  to  the 
continuous  sample.     For  further  details  see  Power,  July  16,  1912, ' 
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For  many  practical  purposes  it  is  sufficient  to  determine  the  cuba 
ioxide.  A  number  of  satisfactory  appliances  are  on  the  market  wluA 
jve  continuous  autographic  records  of  the  percentage  of  CO,  on  clod- 
Iriven  charts.  These  devices,  however,  are  rather  expensive  ind 
usually   beyond   the  appropriation  of  small   boiler  plants. 


Modified  Oram  Apparatus.  —  Arthur  D.  Liltle  Co. 


455,  Slmmance-Abady    CO*    Recorder.  —  Fig.     574     illustrates    the 

;encral  principles  of  the  Simmance-Abady  CO*  Recorder,  The  opera- 
ion  is  as  follows:  A  continuous  stream  of  water  enters  reservoir  f. 
hrough  inlet  X  and  overflow  at  0.  A  portion  of  the  stream  flow's  inw 
ank  A  through  pipe  F  and  causes  bell  float  B  to  rise.  As  the  floii 
ises  it  permits  bell  D  of  the  extractor  to  fall.  When  float  B  reaches 
he  top  of  its  stroke  it  raises  valve  stem  E,  trips  the  valve  and  cause- 
he  water  to  siphon  out  of  tank  A  through  siphon  tube  G.  The  loirct- 
ng  of  the  water  level  allows  the  Ik-11  to  sink.  As  it  falls  it  draws  up 
,he  water-scale* I  extractor  boil  I)  and  creates  a  partial  vacuum  under 
;he  latter.  Flue  gas  then  Hows  from  the  source  of  supply  through/ 
and  H  into  the  bell.  The  mass  of  water  discharged  from  siphon  tut* 
G  into  the  small  vessel  V  beneath  it  overcomes  the  counterweight  I,1 
and  closes  the  balance  valve  H,  thereby  entrapping  a  fixed  volume  oi 
ps  in  the  extractor  hell.  The  stream  of  water  which  is  continually 
twni/mto  tank  .1  causes  the  float  B  to  rise  and  the  bell  D  to  sink,  a 
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;.  The  lowering  of  bell  D  forces  the  entrapped  flue  gas  through 
austic  potash  solution  in  vessel  M  into  water-sealed  recorder 
.  The  displacement  of  bell  J  will  be  less  than  that  of  bell  D  by 
olume  of  COj  absorbed  in  vessel  M.  The  percentage  of  CO*  in 
ue  gas  is  thus  indicated  by  the  position  of  the  bell  J  with  reference 
e  graduated  scale  N.     The  pen  mechanism  is  attached  to  bell  J 


574.      Simmance-Abady  GO,   Recorder. 


records  the  percentage  of  COj  by  the  length  of  lines  on  a  ciock- 
n  chart.  These  samples  are  analyzed  and  the  lines  are  drawn  at 
-minute  intervals.  The  small  water  aspirator  at  X  is  for  the  pur- 
of  exhausting  gas  continuously  from  the  pipes  connecting  the 
der  to  the  boiler,  thereby  insuring  true  samples  at  the  time  of 
ption.  Auxiliary  pipe  P  is  connected  to  main  gas  lead  P. 
.  Tbe  Uehllng  Composlmeter  is  another  successful  instrument  for 
nuously  recording  the  percentage  of  CO*  in  the  flue  gas.  The 
iplcs  of  this  apparatus  are  illustrated  in  Fig.  575.  The  device 
sts  primarily  of  a  filter,  absorption  chamber,  two  orifices,  A  and 
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This  instrument  is  virtually  a  steam  separator  and  mechanically  sepa- 
rates the  moisture  from  the  sample  of  steam.  The  water  thus  separated 
collects  in  a  reservoir  provided  with  gauge  glass  and  graduated  scale, 
while  the  dry  steam  passes  through  an  orifice  to  the  atmosphere.  The 
weight  of  dry  steam  per  unit  of  time  is  indicated  on  the  gauge,  calcu- 
lated according  to  Napier's  rule,  or  may  be  determined  by  condensing 
and' weighing.  The  accuracy  of  the  moisture  determination  is  greatly 
affected  by  the  difficulty  of  obtaining  true  samples  of  steam  containing 
large  percentages  of  moisture. 


Ellison  Universal  Steam  Calorimeter. 


Fig.  578  shows  the  Ellison  universal  steam  calorimeter,  which  com- 
bines the  separating  and  throttling  principles  and  is  adapted  to  steam 
of  any  degree  of  wetness.  The  separating  chamber  is  provided  with 
a  gauge  glass,  not  shown,  for  indicating  the  weight  of  water  which 
accumulates  only  when  the  steam  is  too  wet  to  be  superheated. 

Throttling  Calorimeters:  Power,  Dec.,  1907,  p.  891;  Trans.  A.S.M.E.,  17-151; 
175,  16-448;   Eogr.  U.  S.',  Feb.  15,  1907,  p.  219. 

Separating  Calorimeters:  Trans.  A.S.M.E.,  17-GOS;  Engr.  U.S.,  Feb.  15, 1907,  p.  219. 

Unioersal  Calorimeter:   Trans.  A.S.M.E.,  11-790. 

Tkomai  Electrical  Calorimeter:   Power,  Nov.,  1907,  p.  791. 
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a  quantity  of  sodium  peroxide  which  supplies  the  oxygen  for  com- 
bustion, is  introduced  into  the  cartridge.  Means  are  provided  for 
rotating  the  cartridge  when  submerged  in  the  calorimeter,  the  at- 
tached vanes  agitating  the  water  to  maintain  uniform  temperature. 


Flo.  680.     Parr  Fuel  Calorimeter. 

"The  charge  is  fired  either  electrically  or  by  introducing  a  short  piece  of 
hot  wire  through  the  conical  valve.  The  calorific  value  is  calculated 
Irom  the  observed  rise  in  temperature  and  the  constants  of  the  instru- 
ment. Among  other  forms  of  instruments,  in  more  or  less  general  use 
and  which  give  very  satisfactory  results,  may  be  mentioned  the  Car- 
•penter,  Thompson,  Atwater  and  Emerson  calorimeters. 

Comparison  of  Different  Type*  of  Calorimeter*:    Jour.  Soc.  Chem.   Ind.   (1003), 


rriAxr.z   -th  zc.zyc 


TTTVZ. 


—r    U. 


.  -«■ 


-  - « ■    •  • 


,_»-»-■  —    r 


-     j-  ■:  * 


V~~;i     "1TT-L"  "r."."* 


„t  ■ 


«• . ■ mm 


■m         f  ■-«• 


I    «  «»»-. 


,-      -  ■  ■—       ;  ^     -r-« 


*    -r------      r- 


*"* ']";,''       «  •       '•" 


'.■-►.     —  "V  > 


!•-    - 


^i  ..- 


„  r 


i-         i    i     ■» 


i    ■         • 


-.-•  i-v.    TV.- 


■*• 


.  .   ■'        ..  *     :-.y    ■:  :.v-*.v.-r.  ■.  :*  :;>■»  " 
.    .     .     ■  .   ■      ..••«—■*.:•-:.■;  ;i  «-;:r»-:\;l  -M-.h  ■■:' 

-  ■ 

•  ■  •  • »  p 

..-     .^    .-•      ^^^LI  \     Hi.     ilil    l*Li»  •  **■/**■ 

*    .■■..•     ■'  "■.•■  '..ir^»-  «-»*nTr:tI  station  wirl:  i** 

.:'  ••■■»::-  :.  i-  a  -trorm  advantact*  iu  pr-- 

■ff-r  t.v-  :i.v"r;i^'  private*  plant  with  its  ili-kfp* 


FINANCE  AND  ECONOMICS  —  COST  OF  POWER 


811 


Jty  system  of  accounting,  and  in  some  instances  central-station 
has  been  adopted  simply  because  the  engineer  in  charge  was  not 
>sition  to  prove  positively  that  his  own  plant  was  the  better 
lent. 

TABLE  128. 

PERMANENT  STATISTICS. 


General  Information. 


installation 

building 

of  floors 

of  offices 

of  building,  cu. 

heating  system . 

oom,  sq.  ft 

>f  chimney,  ft. . . 
iches  of  water  . . 

grate  or  stoker . 

coal 

orage    capacity, 

r  ice  plant,  tons 

rs 

r    storage    bat- 


in.  hrs. 


Office 

18 

900 

10,860,000 

Webster 

6,840 

318 

3.5 

f  Jones 

1  Underfeed 

111.  screenings 

450 

50 

None 


Total  cost  of  building. . . 

Ground  plan 

Total  office  floor  space. 

Height  of  building 

No.  of  sides  exposed .... 
Radiator  surface,  sq.  ft . 

Boiler  room,  sq.  ft 

Number  of  elevators 


Type  of  elevators. 


S 
"\ 
Capacity    of    elevators, 

lb.,  each 

Boiler  pressure 

Back  pressure 

Part  of  bldg.  lighted 

Total  cost  of  mechanical 
plant 


15,000,000 
191X231 

400,000 

280 

3 

100,000 

5,400 

22 

High  pressure 

hydraulic 

2,700 

150 

Atmospheric 

All 

1650,000 


Engines. 

Generatora. 

Motors. 

Boilers. 

Ball  compd. 

5 

250  h.p. 

Crocker- Wheeler 

installed 

5 
150  kw. 

25 

5 

ipacity 

375  h.p. 

LIGHTS. 


installed 


Incandescent. 


Carbon 
25,000 


Tungsten 
5000 


Arcs. 


Inclosed 
15 


mber  of  attempts  have  been  made  to  standardize  power-plant 
but  the  results  have  been  far  from  satisfactory  because  of  the 
,nge  in  operating  conditions.  Each  installation '  is  a  problem 
and  the  items  to  be  recorded  must  necessarily  depend  upon  the 
I  character  of  the  plant.  A  common  mistake  is  to  attempt  too 
nensive  a  system  with  the  result  that  after  the  novelty  has 
ihe  labor  of  making  the  various  entries  becomes  irksome,  many 
items  are  omitted,  guesses  are  substituted  in  place  of  actual 
tions,  and  the  records  are  ultimately  without  value.     A  few 
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,  aannateiy  recorded,  are  of  mitj  ■■■ 

-Tables  12S  to  131  I 
records  of  s  large  totaled  ataxion  in  Chicago  aad  s 
make-up  of  the  'permanent  staXetka."    The  a 

Heat  of  *qujpmait  and  jnebide;  the  i 


Make  of  boiler 

Total  number  in  plant    . 
Date  of  installation 
Steam  pressure,  saucr 
Safety-valve  pressure 
Type  of  safety  valine     . 
of  grate,  aq.  ft. 


■  ™  ft 


Diameter  of  steam  drums,  in. 
Distance      between     steam 

drums,  ft.  .  .  . 

Thickness  of  shell,  in 

Thickness  of  head,  in. 

Diameter  of  steam  noizle, 

tn 

Diameter  of  safety  valve. . . 
Diameter  of  blow-off,  in — 
Diameter  of  feed  pipe,  in. . 
of   flue,   deg. 


32 


Ft     J  .-    ■■'  P 

■  ■  ■'  m 
mTMU   ■  '■  •■ 


36 

No.  of  bricks,  fire 

3 

Dimensions  of  foundation 

i 

i 

Material  of  foundation 

Stone  aw 

10 

Cost  of  foundation  and  set- 

2.5 

2 

Distance  in  front  of  boiler. . 

450-190 

Distance  overhead 

210 

Diameter  of  tubes   in 

Length  of  tubes,  ft 

Steam  space,  cu.  ft 

Screenings 

:hain  grate 

Inches  of  draft  (maximum). 

FahT. 

Temperature  of  feed  water, 

deg.  Vah 

Ratio  of  heating  surface  to 

■rate  area 

Kind  of  fuel 

Cartcrville,  III., 

Type  of  grate Green 

Rated  horse  power . . 

4M»  Operating  Records.  —  The  operating  records  of  any  plant 
Vh*  aavme  relationship  to  the  economical  operation  of  that  plant  i 
taKkkkeepiug  and  cost  accounting  system  bears  to  the  manufae 
The  distribution  of  profit  and  loss  in  either  case  can  oi 
«A  hy  itemizing  the  various  factors  involved  and  by  gn 
h  a  manner  as  to  show  at  any  time  where  improven 
mei*"'  ' '     'keeping  has  been  more  or  leaa  stands 
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iils  very  little  need  of  originality  on  the  part  of  the  bookkeeper, 
selection  and  maintenance  of  a  system  of  power-plant  records 
luire  considerable  study  and  experimenting,  since  each  installa- 
i  problem  in  itself.  The  items  included  in  the  different  forms 
upon  the  apparatus  provided  for  weighing  the  coal  and  water, 


TABLE  130. 

PERMANENT  STATISTICS. 

Main  Engines. 


Ball  Engine  Co. 

jt  cross  compound 

Cross  Compound 


in  plant. . . 

rse-power 

load 

i  load 

1  load 

omy,  lbs.  per  h.-p. 

economy,  lbs.  per 


5 
250 
220 
100 
315 

22 


25 

150 

40 


2ssure,  gauge. . . . 
pressure,  gauge . . 

>re8sure Atmospheric 

eed,  ft.  per  min.  .  604 

overnor 

Robb-Armstrong-Sweet 
iation,  percent..  1 


Shop  number 

Height  over  all,  ft 

Width,  ft 

Length,  ft 

Dimensions  of  foundation, 

ft 

Material  of  foundation 

Weight  of  engine,  lbs 

Cost  of  engines  and  gener- 
ators  

Stroke,  in 

Revolutions  per  min 

Weight  of  heaviest  part, 
lbs 

R.p.m.  of  governor 

Diam.  of  flywheel,  in 

Face  of  flywheel,  in 

Weight  of  flywheel,  lbs 


13 

14 

9 

13.5X10.5 
Concrete 

50,000 

$45,000 

16 

225 

28,000 

225 

72 

16.75 

4,000 


of  cylinder,  in 

,  per  cent 

>e  diameter,  in 

lipe  diameter,  in 

le  port  opening,  in 

and  length  of  main  bearing,  in. 
and  length  of  crosshead  pin,  in 

and  length  of  crank  pin,  in 

and  length  of  main  shaft 

of  piston  rod 

iston  packing 

jton  packing 

xl  packing 

shead  surface,  sq.  in 


14 

4.5 

5 

10 

10X1.75 

7X12 

4,3 

7  in.,  3 

7  in.,  14.5  ft. 

2.5  in. 

Snap  ring 

f  in.  square 

Metallic 

144.5 


L.P. 


22 

4.5 

7 

10 

14X2.5 

6X12 

4,3 

7  in.,  3 

7  in.,  14.5  ft. 

2.5  in. 

Snap  ring 

f  in  square 

Metallic 

144.5    • 


Receiver. 


No.  Heating  Coils. 

Diameter,  in 

7 

3.5 

1.05 

Length,  ft 

Volume,  cu.  ft 

Diameter  of  drain  pipe 

■—  +.T 


.  .\  " . . 


I" 

(»l 

tin 
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Output  and  Load  Factor.  —  The  output  of  a  plant  is  usually 
stated  in  terms  of  the  (1)  average  horse  power,  or  equivalent,  for  a 
given  period  of  time.  (2)  Unit  output  —  horse-power  hours,  or  equiva- 
lent. 

When  the  plant  is  operating  at  practically  constant  load  it  is  suffi- 
ciently accurate  for  most  purposes  to  express  the  output  in  horse  power, 
or  equivalent,  per  month  or  per  year.  When  the  output  fluctuates  as 
is  the  general  case,  it  is  best  expressed  in  terms  of  unit  output.  For 
example,  one  horse  power  per  year,  24  hours  per  day,  and  365  days  per 
year  is  equivalent  to  365  X  24  =  8760  horse-power  hours.  If  the  full 
power  is  used  throughout  this  time  it  matters  little  whether  the  charge 
18  based  on  the  flat  rate  (horse  power  per  year)  or  the  unit  rate  (horse- 
power hours);  if,  however,  the  power  is  used  only  half  the  time,  the 
yearly  cost  per  horse-power  hour  will  be  just  double. 

The  yearly  load  factor  or  simply  load  factor  is  the  ratio  of  the  actual 
yearly  output  to  the  rated  yearly  output  measured  on  the  twenty-four- 
hour  basis.    Thus: 

T      ,  .    ,  Yearly  output,  horse-power  hours  or  equivalent       /rt/^  * 

Load  factor  =  — p  \,  S — = — i — .  „  Q-atx (291) 

Rated  horse  power,  or  equivalent  X  8760 

The  curve  load  factor  or  station  load  factor  is  the  ratio  of  the  yearly  out- 
put to  the  rated  output  based  upon  the  number  of  hours  the  plant  is  in 
actual  operation.    Thus,  for  an  electric  station: 

jr«         .      .  .    .  Yearly  output,  kilowatt-hours  ,™«x 

Curve  load  factor  =  p  .    . .;    .,  *     = — t-^-. -. — .  (292) 

Rated  capacity  X  hours  plant  is  in  operation 

Much  confusion  arises  from  the  interpretation  of  the  term  "rated 
capacity."  If  rated  below  the  maximum  load  it  can  sustain  it  is  evident 
that  a  prime  mover  may  operate  with  a  load  factor  over  100  per  cent, 
in  which  case  the  term  is  without  purpose.  The  accepted  definition  of 
rated  load  in  this  connection  is  the  maximum  load  which  the  prime 
mover  can  sustain  continuously  on  a  twenty-four-hour  basis  without 
overheating.  Other  definitions  have  been  assigned  to  the  term  load 
factor  and  station  factor,  but  the  two  stated  above  are  more  in  accord 
with  current  practice. 

In  any  plant  the  great  desideratum  is  a  high  load  factor  with  greatest 

return  on  the  investment.     All  the  factors  of  expense  included  in  the 

eost  of  power  are  then  operating  at  maximum  economy.     High  peak 

.  loads  and  low  average  loads  necessitate  large  machines  which  are  but 

little  used  and  greatly  increase  the  fixed  charges. 

The  demand  factor  is  the  ratio  of  the  maximum  demand  to  the  con- 
nected load.  There  is  a  general  tendency  to  overestimate  the  maxi- 
mum electric  demand,  due,  in  a  measure,  to  the  possibilities  of  all  th* 
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lights  and  motors  being  in  use  at  one  time.     Practically  speaking,  such 
conditions  are  not  likely  to  occur.     Table  132  gives  an  idea  of  tie  value 
of  tlie  demand  factor  for  various  classes  of  service  and  may  be  used  as 
a  guide  for  determining  the  size  of  prime  movers. 

TABLE   132. 

CENTRAL  STATIONS,  DEMAND  FACTORS.* 

Demand  fuclora  compiled  by  CummoDweaJtu  Edim  Company  of  ChicagG. 

Class  of  Service. 

Demand  Farm. 

Lighting  customers: 

85.fi 

724 
60  0 
66.3 

70.1 

59.8 

65  1 
287 
69  3 

Motor  customers: 

58.2 

Demand  (acton  compiled 


by  Wiaooann  Stile  Commiaaioa  from  in 

Class  or  Service. 


Damaad  fWt«. 

Kb.  lu 
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TABLE  133. 

TYPICAL  OPERATING  CHART 

DAILY 
COAL  TICKET. 


No. 


191 


6  a.m.  to  6  p.m. 

6  p.m.  to  6  a.m. 

Lbs.  Coal. 

Lbs.  Ashes. 

Lbs.  Coal. 

Lbs.  Asbes. 

Kind  of  Coal. 

Kind  of  Coal. 

Fireman. 

rtrtntott. 

Coal  used lbs. 

Ashes  made lbs. 

Per  cent  ashes lbs. 

Water  used gals. 

Water  used lbs. 

Water lbs.  to  1  lb.  Coal. 

Boiler  Water  Test:    Good.    Med.    Low. 
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TABLE  135. 

TYPICAL  OPERATING  CHART. 


OuUids 


Oil  Used,  0*1*. 


Engine.  Cylinder. 


Total 
Pounds.     Huildiotf, 


Run.  Branching. 


Boilers.  Gatmton. 


Hnacinf  System. 

Ventilating 
Plant".  Hours 

Relri*enting  Plnnt. 

_ 

Slam 

£: 

Fan 

Fna 

1 

tS 

Qh 
Pound*. 

lot 
Made. 

ss 

Boiler 

Miaoel- 

Id  the  reproduction  only  the  hendinga  u 


TABLE  136. 

TYPICAL  OPERATING  CHART. 
!.  Fimt  Natiohal  Bank  BniLDisa,  Cm 

Expenditure*. 


Coal 

Ash  cartage 

Water 

Supplies  and  repairs: 


$39,798.64 


Supplic 


Engim 
Boiler 


Electrical 1,9. 

Refrigerating 1,1: 

Steam  fitting 2 

Heating 2,4. 


istfi  and  grease $1,728.9 


Packing. . 

Plumbing 

Lamps 

Petty  cash 

Office 

Coal  analysis. . 
Machine  shop. . 


500.00 

■103.79 
2.377.  Ifi 
2(i,iW(i.ft-l 
27.83 
119.7") 
240  00 
183.  12 


Total  $87,801.24 
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TABLE  136  (Continued). 

Credits. 
Receipts  from  sale  of  current,  steam  power  and  the  like. .  $75,636.77 

Net  cost  of  operation 1,225.47 

Assumed  credits,  account  of  elevator  service,  steam  heat- 
ing, etc.,  for  which  payment  is  not  made 70,260. 

Net  earnings  including  all  credits 58,005. 

Unit  costs  —  all  expenses  charged  to  power. 


Pounds  of  coal,  total  for  year 
Total  output,  kilowatt-hours. 
Coal  per  kilowatt-hour 


31,450,220 

1,854,400 

16.9 


Labor  per  kw.-hr 

Coal  per  kw.-hr 

Supplies  per  kw.-hr. . . 

Total 


1.45 
2.14 
1.13 

l74 


463.  Cost  of  Operation.  —  The  cost  of  operation  of  power  plants  is 
conveniently  divided  into  two  parts: 

(1)  Fixed  charges. 

^  (a)  Investment  costs. 
(6)  Administration  costs. 

(2)  Operating  costs. 

464.  Fixed  Charges.  —  These  cover  all  expenses  which  do  not  ex- 
pand and  contract  with  the  output.  In  very  large  plants  they  are 
usually  divided  into  two  parts:  (a)  the  investment  costs,  which  include 
interest,  rental,  depreciation,  taxes,  and  insurance,  and  a  reserve  fund 
to  cover  depreciation  of  the  investment,  and  (6)  the  administration  cosfe, 
which  include  rental  of  offices,  annual  salaries  of  officers,  and  all  other 
expenses  not  directly  chargeable  to  the  power  plant.  In  the  average 
plant  the  fixed  charges*  comprise  interest,  rental,  depreciation,  taxes, 
insurance,  and  sometimes  maintenance,  though  the  latter  is  ordinarily 
included  in  the  operating  costs. 

In  any  system  the  total  fixed  charges  per  year  are  constant  irre- 
spective of  the  load  factor,  since  interest,  taxes,  depreciation,  insurance, 
and  maintenance  go  on  whether  the  plant  is  in  operation  or  not.  The 
total  fixed  charges  for  a  specific  case  are  illustrated  in  Fig.  581  by  a 
straight  line.  The  cost  per  kilowatt-hour,  however,  decreases  as  the 
load  factor  increases.  For  example,  with  the  plant  operating  con- 
tinuously at  rated  load  (100  per  cent  load  factor)  the  fixed  charges 

per  kilowatt-hour  are 

65,000 


5000  X  8760 


=  $0.00148. 
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With  30  per  cent  load  factor  these  charges  are 

0.3  (S^T  8760)  "  W-00445  Kl<>»>tU>our. 

The  higher  the  load  factor  the  greater  is  the  amount  of  power  pro- 
duced and  the  longer  does  the  apparatus  work  at  best  efficiency.  But 
the  greater  the  power  produced  the  larger  will  be  the  fuel  consumption 
and  the  oil  and  supply  requirements.  The  labor  charges  will  be  prac- 
tically constant.  The  total  operating  cost  per  year  increases  as  the 
load  factor  increases,  but  not  directly.  (See  Fig.  581.)  The  cost  per 
kilowatt-hour,  however,  decreases  as  the  load  factor  increases.     For 
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Yearly  Loftd  Factor-  Per  Cant 

Fin.  581.    Influence  of  Load  Factor  on  the  Cost  of  Power  at  the  Switchboard.    (5000- 

kilowatt  Electric  Light  and  Power  Station.) 

example,  the  operating  costs  per  year  with  plant  operating  contin- 
uously at  full  load  are  $230,200.     This  gives 
230  200 
5000X8760  "  *000525  per  kil°<™"-b<»"-- 

With  30  per  cent  load  factor  the  yearly  operating  charges  are  $87,980, 
which  gives 

0.3  (50TOX  8760)  _  80'0067  <**  kilowatt-hour. 
Table  149  shows  the  influence  of  the  load  factor  on  the  cost  of  power 
in  two  isolated  stations  of  the  same  rated  capacity,  one  operating 
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with  the  unusually  high  load  factor  of  80  per  cent  and  the  other  opeat- 
ing  with  the  low  load  factor  of  17  per  cent.  The  former  furnnta 
current  for  a  large  electro  chemical  concern  in  which  the  load  is  practi- 
cally constant. 

In  general,  the  higher  the  load  factor  the  greater  becomes  the  ntio 
of  the  operating  to  the  fixed  charges,  and  extra  investment  may  beoono 
advisable  to  secure  the  greatest  economy  possible. 

TABLE  137. 

AVERAGE  INITIAL  COST.* 

Steam  Engine  Power  Plants. 

Simple  Nc 


Hone  Power. 

Dollars  per 
Hone  Power. 

Hone  Power. 

DoIIaraper 
Hone  PtaMwr. 

10 

225  00 

.60 

180.00- 

20 

200.00 

70 

177.00 

30 

195.00 

80 

175.00 

40 

190.00 

00 

170.00 

50 

185.00 

100 

105.00 

Compound  Condeneinf. 

100 

170.00 

700 

76.00 

200 

146.00 

800 

69.00 

300 

126.00 

900 

64.00 

400 

110.00 

1000 

60.00 

500 

96.00 

1500 

58.00 

600 

85.00 

2000 

55.00 

Triple  Condensing. 

1000 

62.00 

4000 

52.00 

2000 

58.00 

5000 

50.00 

3000 

54.00 

6000 

48.00 

*  Includes  cost  of  buildings  and  entire  equipment  erected. 

On  the  other  hand,  when  the  load  factor  is  low  the  fixed  charges  are 
the  governing  factor  in  the  cost  of  power,  and  extra  expenditures  must 
be  carefully  considered,  particularly  if  fuel  is  cheap. 

FiieA  Costa  in  Industrial  Power  Plants:   Engineering  Digest,  Apr.,  1911,  p.  293. 

465.  Interest.  —  The  rates  of  interest  on  borrowed  money  vary  with 
the  nature  of  the  security.  In  the  case  of  power  plants  the  form  of 
security  is  usually  a-  mortgage  on  the  plant  and  equipment.  If  a 
builder  has  sufficient  funds  to  construct  the  plant  without  borrowing, 
he  should  charge  against  the  item  "interest"  the  income  which  the  sum 
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ed  would  bring  if  placed  out  at  interest  or  if  invested  in  his  own 

sss.    In  estimating  the  interest  charges  5  per  cent  of  the  capital 

ed  is  ordinarily  assumed  unless  specific  figures  are  available. 

Depreciation.  —  This  charge  represents    the    gradual    deterio- 

of  a  plant,  resulting  in  its  eventually  wearing  out.    It  is  also 

ied  to  represent  the  superannuation  of  a  plant  or  the  rate  at 

the  apparatus  is  becoming  obsolete.    Thus,  under  the  first 

iption,  if  the  useful  life  of  an  engine  is  40  years,  the  rate  of  de- 

,tion,  neglecting  interest,  is  2.5  per  cent;  if,  however,  it  is  assumed 


TABLE  138. 

COST  OF  MECHANICAL  EQUIPMENT  —  ISOLATED  STATIONS.* 


s  (erected  and  set  in  masonry): 

izontal-tubular 

er-tube 

engines: 

h-speed,  simple  direct-connected ... 

ium-speed,  compound  non-condensing  direct-connected. . . . 

-speed,  compound  condensing,  belted. f 

-speed,  simple,  belted 

lgines 

gines 

•oducers 

nos: 

;ct-connected  to  high-speed  engine 

-connected  to  engine 

jet-connected  to  Corliss  engine 

lboard 

ations 

fitting — including  auxiliary  apparatus — such  as  feed  heater, 
se  separator,  exhaust  head,  tanks,  covering,  etc 


Per  Kilowatt  of 

Plant  Capacity. 

$14-118 

16-  20 

20-  25 

28-  35 

20-  25 

25-  30 

50-  60 

75-  85 

15-  20 

13-  16 

12-  15 

1&-  20 

5-  10 

5-  10 

20-  30 


*  By  P.  R.  Moeee  before  the  A.I.E.E.,  Jan.  12, 1912. 

the  engine  will  become  obsolete  in  20  years  and  uneconomical  for 
?r  operation,  the  rate  of  depreciation  will  be  5  per  cent.  It  is 
lit  to  assign  a  fixed  rate  of  depreciation  against  any  piece  of  ap- 
us,  due  to  possible  new  developments  which  cannot  be  reckoned 
in  advance  in  computing  the  useful  life  of  the  apparatus.  Again, 
ciation  cannot  always  be  separated  from  current  repairs  and  is  a 
Ae  factor  even  in  the  parts  of  the  same  machine.  It  is,  therefore, 
or  less  of  an  approximation.  The  average  life  of  various  parts 
team  power  plant  is  outlined  in  Table  140,  but  on  account  of  the 
ity  to  assign  fixed  values  to  the  useful  life  of  any  apparatus,  and 
count  of  the  great  number  of  appliances  in  even  a  small  plant,  it 
>tomary  to  charge  a  fixed  rate  of  depreciation  against  the  entire 


Preparing  site  —  Dismantling  ami  removing  structures  from 
site,  making  cons  I  rail  ion  roads,  i  racks,  etc 

Yard  Work  —  Intake  and  discharge  Humes  tor  com  lens  ins; 
water,  railway  siding,  grading,  (em  nig  sidewalks 

Foundations  -- 1 in-ltuJiiin  foundat  ion-  fur  building,  stacks,  and 
machinery,  together  with  excavation,  piling,  waterproofing, 

Building  —  Including  frame,  widls.  tioors,  roofs,  windows  and 
doors,  coal  bunker,  etc.,  but  exclusive  of  foundations,  heat- 
ing, plumbing,  and  lighting 

Boiler-room  Equipment  —  Including  boilers,  stokers,  flues, 
stacks,  feed  pumps,  feert-waler  heater,  economizers,  me- 
chanical draft,  and  all  piping  and  pipe  covering  for  entire 
station  except  condenser  water  piping 

Turbine-room    Equipment.  —  Including  steam   turbines   and 

ull'if'llM'V-  wil  ll  I' irTi.--.T-  :il|\il  iano  all'i  »:LtlT 


Electrieal  Swilching  Equipment  ■  Including  exciters  of  all 
kinds,  masonry  switch  structure  with  nil  switchboards, 
switches,  instruments,  etc.,  and  all  wiring  except  for  build- 
ing lighting 

Service  Equipment  —  Such  as  cranes,  lighting,  heating, 
plumbing,  fire  protection,  compressed  air.  furniture,  per- 
manent   tools,  coal-  and  ;  i.- 1  j  - 1 1  ^  ■  r  j  ■  1 1  i  1 1  !i  machinery,  etc 

(Parting  Up—  Labor,  fuel,  and  supplies  fur  get  ting  plant  ready 
to  carry  useful  load 

General  Charges  —  Such  as  engineering,  purchasing,  super- 
vision, clerical  work,  construction,  plant  and  supplies, 
watchmen,  cleaning  up 

Total  cost  of  plant  to  owner,  except  land  and  interest  during 
construction 


6.00 
12.00 

24.00 
22.00 


5.00 
1.00 


amclnxiHB.  Church,  Kan 


In  some  of  the  very  large  stations  depreciation  is  divided  and  charged 
as  follows: 

(a)  Complete  depreciation  due  to  wear  and  tear.  This  is  charged  to 
the  proper  maintenance  account. 

(Ii)  Obsolescence,  inadequacy  or  destruction  by  any  cause.  This  b 
written  off  from  current  income  or  from  past  accumulations  of  profit 
and  loss  account,  or  it  is  capitalized  in  the  usual  way. 
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(c)  Incomplete  depreciation,  due  to  wear  and  tear,  likely  to  fall  in 
arge  amounts  at  irregular  intervals.  This  is  provided  for  by  a  deprecia- 
tion fund. 

The  depreciation  fund  is  essentially  a  financial  problem  and  the 
proper  amount  to  be  charged  varies  with  every  property,  and  should 
be  carefully  estimated  either  as  a  factor  of  the  physical  cost  or  of  the 
gross  earnings. 

TABLE  140. 

APPROXIMATE  USEFUL  LIFE  OF  VARIOUS  PORTIONS  OF  STEAM  POWER  PLANT 

EQUIPMENTS. 

Years. 

Buildings,  brick  or  concrete 50 

Buildings,  wooden  or  sheet  iron 15 

Chimneys,  brick 50 

Chimneys,  self-sustaining  steel 25 

Chimneys,  guyed  sheet-iron 10 

Boilers,  water-tube f 25 

Boilers,  fire-tube 15 

Engines,  slow-speed 25 

Engines,  high-speed 15 

Turbines 25 

Generators,  direct-current 25 

Generators,  alternating-current 30 

Motors 20 

Pumps 25 

Condensers,  jet. .  * 35 

Condensers,  surface 20 

Heaters,  open 30 

Heaters,  closed 20 

Economizers 20 

Wiring 20 

Belts 7 

Coal  conveyor,  bucket 15 

Coal  conveyor,  belt 10 

Transformers,  stationary 30 

Rotary  converters 25 

Storage  batteries # 15 

Piping,  ordinary 12 

Piping,  first  class 20 

NOTE. —  So  much  depends  upon  the  design  and  the  conditions  of  operation  that  no  fixed 
Tmlues  can  be  definitely  assigned  and  the  above  figures  should  be  used  with  caution.  Practice 
■hows  that  most  power-plant  appliances  become  obsolete  long  before  the  limit  of  their  useful 
life  is  reached. 

The  rate  of  depreciation  in  terms  of  interest  and  useful  life  is  a  simple 
problem  in  compound  interest,  and  may  be  expressed: 

in  which 

d  =  rate  of  depreciation,  per  cent  of  first  cost. 

r  =  rate  of  interest. 

n  =  assumed  life  of  the  apparatus  in  years. 
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This  is  based  on  the  assumption  that  the  interest  is  compounded 
annually  and  that  the  apparatus  is  valueless  at  the  end  of  n  years. 
Table  141  has  been  calculated  with  this  formula  and  gives  the  rate  of 
depreciation  for  different  rates  of  interest  and  different  assumptions 
as  to  useful  life  of  apparatus. 


TABLE  141. 


RATE    OF   DEPRECIATION. 


(Per  Cent  of  First  Cost.) 


Rate  of  Interest,  per  Cent. 

2 

2.5 

3 

8.5 

4 

4.5 

5 

5.5 

6           7 

8 

9 

10 

2 

49.50 

49.37 

49.27 

49.14 

49.02 

48.90 

48.78 

48.66 

48.54  48.31 

48.07 

47.84  47.62 

3 

32.67 

32.51 

32.35 

32.19 

32.03 

31.87 

31.72 

31.56 

31.41 

31.10 

30.80 

30.5130.21 

4 

24.26 

24.08 

23.90 

23.72 

23.55 

23.39 

23.20 

23.03 

22.86 

22.52 

22.19 

21.84  21.55 

5 

19.21 

19.02 

18.83 

18.65 

18.46 

18.28 

18.10 

17.91 

17.73 

17.40 

17.04 

16.7316.37 

6 

15.85 

15.65 

15.46 

15.26 

15.08 

14.89 

14.70 

14.52 

14.33 

13.97 

13.63 

13.29 

12.96 

1 

7 

13.45 

13.25 

13.05 

12.85 

12.66 

12.46 

12.28 

12.09 

11.91 

11.15 

11.20 

10.87 

10.55 

8 

11.65 

11.44 

11.24 

11.05 

10.85 

10.66 

10.47 

10.28 

10.10 

9.74 

9.40 

9.06 

8.74 

9 

10.25 

10.04 

9.84 

9.64 

9.45 

9.26 

9.07 

8.88 

8.70 

8.34 

8.00 

7.68 

7.36 

10 

9.13 

8.92 

8.72 

8.52 

8.33 

8.14 

7.95 

7.76 

7.58 

7.23 

6.90 

6.58 

6.27 

< 

11 

8.21 

8.01 

7.80 

7.61 

7.41 

7.22 

7.04 

6.85 

6.68 

6.33 

6.00 

5.69 

5.46 

o 

© 

12 

7.45 

7.25 

7.04 

6.85 

6.65 

6.46 

6.28 

6.10 

5.92 

5.60 

5.27 

4.97 

4.69 

13 

6.81 

6.60 

6.40 

6.20 

6.01 

5.83 

5.64 

5.47 

5.29 

4.96 

4.65 

4.36 

4.08 

3 

14 

6.26 

6.05 

5.85 

5.65 

5.46 

5.28 

5.10 

4.93 

4.75 

4.49 

4.13 

3.84 

3.53 

8 

15 

5.78 

5.57 

5.37 

5.18 

4.99 

4.81 

4.63 

4.46 

4.29 

3.97 

3.68 

3.40 

3.15 

& 

16 

5.36 

5.16 

4.96 

4.77 

4.58 

4.40 

4.22 

4.06 

3.89 

3.58 

3.30 

3.03 

2.7S 

■8 

17 

4.99 

4.79 

4.59 

4.40 

4.22 

4.04 

3.87 

3.70 

3.54 

3.24 

2.96 

2.71 

2.47 

| 

18 

4.67 

4.46 

4.27 

4.08 

3.90 

3.72 

3.55 

3.39 

3.23 

2.94 

2.66 

2.42 

2.19 

J 

19 

4.37 

4.17 

3.98 

3.79 

3.61 

3.44 

3.27 

3.11 

2.96 

2.67 

2.47 

2.17 

1.95 

< 

20 

4.11 

3.91 

3.72 

3.53 

3.36 

3.19 

3.02 

2.87 

2.71 

2.44 

2.18 

1.95   1.95 

25 

3.12 

2.92 

2.74 

2.56 

2.40 

2.24 

2.09 

1.95 

1.82 

1.58 

1.36 

1.18 

1.75 

30 

2.46 

2.27 

2.10 

1.93 

1.78 

1.64 

1.50 

1.38 

1.26 

1.06 

0.88 

0.73 

0.61 

35 

2.00 

1.82 

1.65 

1.50 

1.36 

1.23 

1.10 

0.99 

0.89 

0.72 

0.58 

0.46 

0.37 

40 

1.65 

1.48 

1.32 

1.18 

1.05 

0.93 

0.83 

0.73 

0.64 

0.50 

0.38 

0.29 

0.21 

45 

1.39 

1.22 

1.07 

0.94 

0.82 

0.72 

0.62 

0#54 

0.47 

0.35 

0.26 

0.19 

0.14 

50 

1.18 

1.02 

0.88 

0.76 

0.65 

0.56 

0.42 

0.40 

0.34 

0.25 

0.17 

0.12 

009 

Example:  A  1000-square-feet  surface  condenser  and  auxiliaries  cost 
$3500.  With  interest  at  5  per  cent,  required  the  rate  of  depreciation, 
assuming  a  life  of  25  years. 

=  2.09  per  cent. 


d  -  100 


(1  +  0.05  P-  1 


That  is  to  say,  if  2.09  per  cent  of  the  first  cost  is  laid  aside  each  year 

toe  25  years  at  5  per  cent  interest,  compounded  annually,  it  will  equal 

"is  first  cost  at  the  end  of  this  period.     The  sum  thus  laid  aside  is 

*vm*times   called    the   sinking  fund.     The   solution    is    more   readily 

wjinfcdwith  the  aid  of  Table  141;   e.g.,  at  the  intersection  of  vertical 

"NrcnEL  o  (interest)  and  horizontal  column  25  (life  in  years)  we  find 

"^  teoreoation  2.09  ner  cent.     This  sinking-fund  method  of  rating 
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the  depreciation  is  peculiarly  adapted  to  power-plant  practice,  inn- 
much  as  a  sum  set  aside  at  comparatively  low  rates  of  interest  and 
compounded  increases  very  slowly  at  first  but  more  and  more  rapidly 
from  year  to  year.  This  is  precisely  what  happens  in  the  deterioration 
of  the  plant.  The  loss  of  value  is  slight  at  first  when  the  materiab 
are  new  and  usefulness  is  at  a  maximum,  while  towards  the  end  of 
life  both  value  and  usefulness  decline  very  rapidly. 

If  the  apparatus  still  has  some  value  at  the  end  of  n  years  and  if  6  v 
the  ratio  of  the  value  of  the  old  material  to  that  of  the  new,  the  rate 
of  depreciation  becomes 

^"V-?-^.  (294) 

Example:  In  the  foregoing  problem,  required  the  rate  of  depreciation 
if  the  value  of  the  condenser  outfit  is  $350  at  the  end  of  25  years. 

Here6  =  ^=s0L 

,      100  X  0.05  (1  -  0.1) 
(1  +  .05)**-  1 

.=»  1.97  per  cent. 

That  is,  1 .97  per  cent  of  $3500,  or  $68.95,  laid  aside  each  year  for  25 
years  at  5  per  cent  interest  and  compounded  annually  will  equal  $3500  - 
350,  or  $3150,  at  the  end  of  this  period. 

It  is  not  supposed  that  an  owner  will  regularly  lay  aside  this  sum 
annually,  or  take  the  trouble  to  arrange  for  its  investment  at  current 
rates  in  the  market  or  savings  bank,  since  the  money  is  probably  worth 
more  to  him  in  his  own  business.  In  practice  it  is  retained  in  hi 
business  or  investments  and  is  earning  the  rate  of  interest  obtainable 
therein,  but  in  determining  the  net  profit  or  loss  this  depreciation  item 
is  nevertheless  accounted  for  just  as  if  it  were  actually  placed  in  out- 
side investments. 

In  appraising  the  present  value  of  any  apparatus  in  terms  of  the  rate 
of  interest  and  useful  life  the  expression  becomes 

V  =  iM^-trj—i,  (295) 

in  which 

V  =  total  depreciation,  per  cent  of  original  cost. 

m  =  number  of  years  apparatus  has  been  in  operation. 

n  =  assumed  life  of  apparatus. 
r  =  rate  of  interest. 
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Example:  In  the  preceding  example,  required  the  present  valuation 
of  the  condenser,  assuming  that  it  has  been  in  use  15  years. 

m  =  15,  n  =  25,  r  =  0.05. 
Substituting  these  values  in  (295), 

V  =  10°  (1  +  0.05)*5  -  1  =  45,    peT  Cent' 

That  is,  the  condenser  has  depreciated  45.1  per  cent  of  its  original  value 
and  consequently  is  worth  $3500  -  0.451  X  3500  =  $1921.50. 

Table  141  may  be  conveniently  used  in  this  connection.  At  the  inter- 
section of  vertical  column  5  and  horizontal  columns  15  and  25  we  find 
463.  and  2.09  respectively.  Dividing  2.09  by  4.63  we  get  0.451.=  45.1 
per  cent,  the  total  depreciation.  Depreciation  is  often  taken  care  of 
under  the  different  items  pertaining  to  maintenance,  and  whenever  a 
change  or  repair  is  necessary  it  is  charged  directly  into  expense  as 
maintenance. 

Though  usually  considered  separately,  interest  and  depreciation  are 
sometimes  considered  as  a  single  item,  and  in  this  case  the  rate  of  de- 
preciation represents  the  sum  which  must  be  laid  aside  each  year  for 
the  eventual  renewal  of  apparatus  plus  the  interest  on  the  investment. 

Depreciation:  Jour.  Elec.  Power  &  Gas,  Feb.  25,  1911,  p.  176;  Elec.  Rev.  <fc  Wes. 
Elecn ,  Apr.  23,  1910,  p.  852,  Dec.  2,  1911,  p.  1126;  Elec.  Wld.,  Dec.  2,  1909,  p. 
1349;  Power,  June  18,  1912,  p.  878,  Feb.  25,  1911,  p.  176,  Nov.  22,  1910,  p.  2087, 
Aug.  9,  1910,  p.  1439,  July  5,  1910,  p.  1227. 

467.  Maintenance.  —  Maintenance  usually  refers  to  the  expense  of 
keeping  the  plant  in  running  order  over  and  above  the  cost  of  attend- 
ance. It  includes  cost  of  upkeep,  replacement,  and  precautionary 
measures.  This  latter  item  includes  the  renewal  of  working  parts, 
painting  of  perishable  or  exposed  material,  and  replacing  worn-out  and 
defective  material.  Many  engineers  make  no  allowance  for  mainte- 
nance in  the  fixed  charges  and  include  these  costs  under  supplies, 
attendance,  or  repairs.  In  a  general  way,  when  maintenance  is  in- 
cluded under  the  fixed  charges,  an  annual  charge  of  2  per  cent  is  con- 
sidered a  liberal  allowance,  since  most  of  the  repair  work  comes  under 
attendance.  In  street-railway  practice  maintenance  is  divided  among 
the  several  parts  of  the  system  as  follows:  Buildings,  steam  appli- 
ances, electrical  equipment,  and  miscellaneous.  In  this  connection  the 
maintenance  becomes  a  part  of  the  operating  charges,  since  the  various 
items  vary  widely  from  month  to  month. 

468.  Taxes  and  Insurance.  —  Taxes  vary  from  a  fraction  of  one  per 
cent  to  one  and  one-half  per  cent,  depending  upon  the  location  of  the 

*h&t.    An  average  figure  is  one  per  cent  of  the  actual  value  of 
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investment.  Buildings  and  machinery  are  ordinarily  insured  against 
fire  loss  and  boilers  against  accidental  explosions,  and  accident  policies 
are  sometimes  carried  on  all  operating  machinery.  A  fair  charge  for 
this  item  is  one-half  per  cent. 

469.  Operating  Costs.  —  Operating  costs  are  conveniently  divided  as 
follows: 

(1)  Labor  or  attendance. 

(2)  Fuel  and  water. 

(3)  Oil,  waste,  and  supplies. 

(4)  Repairs  and  maintenance. 

In  large  stations  it  is  often  desirable  to  keep  the  expenses  of  the 
various  departments  separate  from  those  of  the  power-plant  proper. 
Thus  in  central  stations  the  distributing  system  is  an  important  branch 
and  the  attending  expenses  form  a  considerable  portion  of  the  total. 
They  are  therefore  kept  separate,  since  they  are  not  strictly  chargeable 
to  power  generation.  In  isolated  stations  the  wages  of  elevator  men, 
though  in  a  general  way  a  part  of  the  power-plant  expenses,  are  not 
included  in  the  " labor  and  attendance"  charge  of  the  plant.  Lamps 
are  a  large  item  of  expense  in  a  tall  office  Building,  and  for  this  rem 
are  often  kept  separate  from  supplies. 

470.  L&bor,  Attendance,  Wages.  —  The  minimum  number  of  men 
required  to  handle  a  given  plant  is  approximately  a  fixed  quantity  and 
it  is  seldom  i>ossible  to  so  arrange  the  work  that  any  material  reduction 
can  be  effected.  Until  very  recently  it  has  been  the  universal  custom 
to  pay  wages  on  a  "flat  rate"  basis,  that  is,  the  attendant  is  given  a 
fixed  sum  per  day  or  month  irrespective  of  the  amount  of  work  required 
or  the  economy  of  operation.  In  many  cases,  however,  the  bonus 
system  has  been  successfully  adopted.  For  example,  in  the  boiler  room 
the  coal  consumption  is  determined  for  a  given  period  of  time  with 
ordinary  careful  firing,  and  the  fireman  is  offered  a  reasonable  per- 
centage on  the  saving  of  coal  which  he  is  able  to  effect  over  this  record 
by  special  care  and  attention  to  the  keeping  of  fires  always  in  the  best 
condition,  avoiding  the  blowing  off  of  steam,  using  as  little  coal  as 
needed  for  banking  fires,  and  in  other  ways.  Where  careful  records  are 
kept  of  supplies,  repairs,  and  renewals,  the  bonus  is  also  applicable  to 
electricians,  oilers,  and  other  employees. 

Labor  should  always  be  estimated  or  recorded  as  so  many  dollars 
per  month  or  per  year  and  not  merely  in  terms  of  the  output  unless 
the  load  factor  is  definitely  known,  otherwise  comparisons  are  mis- 
leading. For  example,  consider  two  plants  of  500  kilowatts  capacity, 
each  with  labor  charges,  say,  of  $400  per  month.    Suppose  the  output 
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of  one  is  100,000  kilowatt-hours  per  month  and  that  of  the  other  40,000 
kilowatt-hours  per  month.  The  monthly  charges  are  evidently  the 
same,  viz.,  $400,  but  the  cost  per  kilowatt-hour  differs  widely,  being 
0.4  cent  in  the  first  case  and  1  cent  in  the  latter. 

The  cost  of  labor  varies  so  much  with  the  location  of  the  plant  and 
the  conditions  of  operation  that  general  figures  are  of  little  value  except 
as  a  rough  guide.  The  figures  in  Tables  143  and  144  give  average 
results  for  general  practice.  Specific  figures  will  be  found  in  Tables 
145  to  160. 

For  a  summary  of  labor  costs  in  large  central  stations  see  "  Central-Station  Labor 
Costs,"  Electrical  World,  Nov.  16,  1912,  p.  1031. 

471.  Cost  of  Fuel.  —  Tables  145  to  160  give  examples  of  the  cost  of 
fuel  in  different  types  and  sizes  of  steam  power  plants.  It  will  be 
noted  that  this  item  varies  considerably  even  with  plants  of  the  same 
general  class.  So  much  depends  upon  the  market  price  of  the  fuel 
itself  that  the  item  "cost  per  horse  power  or  kilowatt-hour"  gives 
little  information  concerning  the  economy  of  operation  unless  the 
price  of  the  fuel,  its  calorific  value,  and  the  water  rate  of  the  prime 
movers  are  specified.  In  a  general  sense  the  cost  of  fuel  will  range 
from  40  to  70  per  cent  of  the  total  operating  expenses.  In  estimating 
the  cost  of  fuel  for  a  proposed  installation  due  consideration  should  be 
given  to  the  coal  burned  in  banking  fires,  heat  lost  in  blowing  off  boilers, 
and  reduced  efficiency  in  operating  at  underloads  and  overloads.  For 
example,  individual  tests  of  a  number  of  boilers  in  a  large  central 
station  in  Chicago  gave  an  average  evaporation  of  6.1  pounds  of  water 
per  pound  of  coal,  actual  conditions,  whereas  the  evaporation  deter- 
mined by  dividing  the  total  water  fed  into  the  boiler  per  year  by  the 
total  consumption  of  coal  gave  only  5.2  pounds.  The  difference  be- 
tween the  two  depends  largely  upon  the  standby  losses  in  banking  fires 
and  in  shutting  down  and  starting  up  boilers.  The  following  data 
from  a  number  of  installations  in  Chicago  give  an  idea  of  the  extent  of 
these  losses  when  burning  Illinois  coal  : 

1.  Five  400-horse-power  boilers  with  Murphy  furnaces  required 
1300  pounds  of  coal  for  banking  over  night  and  3800  pounds  for  firing 
up  when  cold. 

2.  Five  500-horse-power  boilers  with  chain  grates  required  3900 
pounds  for  banking  6  hours  and  5000  pounds  for  banking  over  night 
and  being  put  in  service. 

3.  One  400-horse-power  boiler  with  Dutch  oven  required  1500  pounds 
for  7-hour  bank  and  2500  pounds  for  13-hour  bank. 

4.  One  66  by  18  return  tubular  boiler,  hand  fired,  required  500  pounds 
for  12-hour  bank. 
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Current  practice  gives  an  average  efficiency  (based  on  yearly  opera- 
tion) of  boiler  and  furnace  of  70  per  cent  for  pumping  stations  running 
at  practically  full  load,  65  per  cent  for  large  lighting  and  power  stations 
with  yearly  load  factor  of  0.50  or  more,  and  60  per  cent  for  simila 
stations  with  load  factor  between  0.35  and  0.45.  For  very  low  load 
factors,  0.25  and  under  (as  in  connection  with  large  manufacturing 
plants,  tall  office  building,  and  other  plants  operating  on  a  12-hour  baas), 

this  efficiency  sel- 
dom exceeds  50  pet 
cent.  With  the* 
figures  as  a  guide 
the  cost  of  fuel  per 
unit  output  may 
be  roughly  appron- 
mated. 

In  Europe  the 
"locomobile"  type 
of  steam  power 
plant  has  attained 
an  extremely  high 
degree  of  heat  effi- 
ciency as  will  1m?  seen 
from  the  curves  in 
Fig.  582.  The  most 
economical  result 
shown,  namely  0-S7 
pound  of  coal  per 
developed  horse- 
power hour,  is 
equalled  only  by 
our  best  gas-pro- 
ducer plants. 

473.  Oil,  Waste,  and  supplies.  —  These  items  approximate  from  2  to 
10  per  mit  nf  tin-  total  operating  expenses.  Tables  144  to  160  give  some 
i»l»';i  nf  I'linriil  practice  in  different  classes  of  power  plants. 

113.    Repair*  and  Maintenance.  —  This  item  ordinarily  refers  to  the 

fvvst  of  keeping  the  plant  in  running  order  over  and  above  the  cost  of 

ifc.'.vr  or  alli'iuiiiiice,  ;nul  depends  upon  the  age  and  condition  of  the 

Tibzl  »»'l  ihe  ellicieiicy  of  the  employees.     Tables  144  to  160  give  the 

rif.  „■<£  repairs  ;mx I  maintenance  for  a  wide  range  in  power-plant  practice. 

cav.  Vmt  of  Power.        The  actual  cost  of  producing  power  depends 

tow,-u*  (jfograpliical  locution  of  the  plant,  the  size  of  apparatus,  the 


V 

(Bo. 

nglcOyll  idocX.C 

3 

K 

1 

1' 

I" 
I 

\ 

-\ 

iK 

icik-1  ■ 

l 

\ 

I 

~^ 

V 

"J 

^ 

u 

l 

3 

re) 

, 

j 

I 

-i 
1 

K* 

"*•-, 

"^ 

MWI 

> 

N) 

] 

111 


l,,Ty, 


,C  StCT 


i  Plant. 


FINANCE  AND  ECONOMICS  —  COST  OF  POWER 


835 


TABLE  145. 

OF  ONE  HORSE  POWER  PER  YEAR,  SIMPLE  ENGINES,  NON-CONDENSING. 

10-HOUR  BASIS,  308  DAYS  PER  YEAR. 

(Win.  O.  Webber,  Engineering  Magazine,  July,  1908,  p.  5030 


plant horse  power 

Slant  per  horse  power 
arges  at  14  per  cent 

jr  horse-power  hour,  in  pounds. . . . 

;  $4.00  per  ton 

lance,  10-hour  basis 

iste,  and  supplies 

oal  at  $5.00  per  ton 

oal  at  $4.50  per  ton 

oal  at  $4.00  per  ton 

oal  at  $3.50  per  ton 

oal  at  $3.00  per  ton 

oal  at  $2.50  per  ton 

oal  at  $2.00  per  ton 


20 

$200.00 

28.00 

12.00 

66.00 

30.00 

6.00 

146.50 

138.25 

130.00 

121.75 

113.50 

105.25 

97.00 


40 

$190.00 

26.60 

10.00 

55.00 

20.00 

4.00 

119.35 

112.47 

105.60 

98.72 

91.85 

84.97 

78.10 


60 
$180.00 
25.20 

9.00 
49.50 
15.00 

3.00 
105.07 
98.80 
92.70 
86.51 
80.32 
74.13 
67.95 


80 
$175.00 
24.50 

8.00 
44.00 
13.00 

2.60 
95.10 
89.60 
84.19 
78.60 
73.10 
67.60 
62.10 


TABLE   145a. 

OF  ONE  HORSE  POWER  PER  YEAR.  COMPOUND  CONDENSING  ENGINES, 

10-HOUR  BASIS,  308  DAYS  PER  YEAR. 

(Wm.  O.  Webber,  Engineering  Magazine,  July,  1908,  p.  664.) 


f  plant horse  power 

f  plant  per  horse  power. . . . 

charges  at  14  per  cent 

er  horse-power  hour,  pounds 

f  fuel  at  $4.00  per  ton 

dance,  10-hour  basis 

aste,  supplies 

Total 

joal  at  $5.00  per  ton 

joal  at  $4.50  per  ton 

;oal  at  $4.00  per  ton 

joal  at  $3.50  per  ton 

:oal  at  $3.00  per  ton 

;oal  at  $2.50  per  ton 

;oal  at  $2.00  per  ton 


100 

200 

300 

400 

500 

$170.00 

$146.00 

$126.00 

$110.00 

$96.00 

23.80 

24.40 

17.65 

15.40 

13.45 

7.0 

6.5 

6.0 

5.5 

5.0 

38.50 

35.70 

33.4H) 
8.60 

32.00 

27.50 

12.00 

10.00 

7.25 

6.20 

*  2.40 

2.00 

1.72 

1.45 

1.24 

76.70 

68.10 

60.97 

56.10 

48.39 

86.40 

77.10 

69.22 

61.90 

55.29 

81.50 

72.60 

65.0? 

58.10 

51.79 

76.70 

68.10 

60.97 

56.10 

48.39 

71.90 

63.70 

56.82 

50.50 

45.04 

67.00 

59.20 

51.67 

46.70 

41.49 

62.30 

54.75 

48.59 

43.00 

38.83 

57.45 

50.25 

44.47 

40.10 

34.64 

600 

$85.00 

11.90 

4.5 

24.70 

5.40 

1.08 

43.08 

49.28 

46.18 

43.08 

30.98 

36.88 

33.83 

30.73 


F  plant horse  power 

f  plant  per  horse  power. . .  . 

charges  at  14  per  cent 

er  horse-power  hour,  pounds 

f  fuel  at  $4.00  per  ton 

iance,  10-hour  basis 

aste,  supplies 

Total 

joal  at  $5.00  per  ton 

joal  at  $4.50  per  ton 

toal  at  $4.00  per  ton 

ioal  at  $3.50  per  ton 

oal  at  $3.00  per  ton 

oal  at  $2.50  per  ton 

oal  at  $2.00  per  ton 


700 

800 

900 

1000 

1500 

$76.00 

$69 . 00 

$64.00 

$60.00 

S58 . 00 

10.65 

9.65 

8.95 

8.40 

8.12 

4.0 

3.5 

3.0 

2.5 

2.0 

22.00 

19.20 

16.50 

13.75 

11.00 

4.70 

,  4.15 

3.75 

3.50 

3.25 

0*94 

0.83 

0.75 

0.70 

0.65 

38.29 

33.83 

29.95 

26.35 

23.02 

43.79 

39.73 

34.05 

29.80 

25.77 

41.04 

36.28 

32.00 

28.05 

24.39 

38.29 

33.83 

29.95 
27.87 

26.35 

23.02 

35.54 

31.48 

24.60 

21.64 

32.79 

29.03 

25.80 

22.90 

20.27 

38.04 

27.18 

23.75 

21.20 

18.89 

27.29 

24.23 

21.70 

19.47 

17.52 

2000 

$56.00 

7.85 

1.5 

8.25 

3.00 

0.60 

19.70 

21.75 

20.72 

19.70 

18.67 

17.65 

16.60 

15.57 
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design,  conditions  of  loading,  system  of  distribution,  and  the  method 
of  accounting.  Tables  145  to  160  compiled  from  various  sources  give 
the  detailed  costs  of  a  large  number  of  central  and  isolated  stations. 
Table  147  and  Figs.  586,  587,  and  588  give  the  fundamental  relations 
between  the  various  items  entering  into  the  cost  of  power  for  various 
types  of  plants  of  over  30,000  kilowatts  rated  capacity.  These  data 
are  taken  from  a  paper  presented  by  H.  G.  Stott  at  a  meeting  of  the 
Toronto  section  of  the  American  Institute  of  Electrical  Engineers, 
Toronto,  Ont.,  December,  1908.  The  figures  have  been  brought  up  to 
date  (June,  1912)  by  Mr.  Stott  and  show  what  is  actually  being  done 
to-day  in  large  plants  of  the  size  stated  above. 

TABLE  147. 

DISTRIBUTION  OF  MAINTENANCE  AND   OPERATION   COSTS   IN   POWER  PLANTS 
HAVING  A    MAXIMUM  LOAD  OVER  30,000  KILOWATTS. 

(H.  G.  Stott.) 


Maintenance. 

1 .  Engine  room,  mechanical 

2.  Boiler  or  producer  room 

3.  Coal-  and  ash-handling  apparatus . 

4.  Electrical  apparatus 

Operation. 

5.  Coal 

6.  Water 

7.  Engine  room,  labor 

8.  Boiler  or  producer  room,  labor  . . . 

9.  Coal-  and  ash-handling,  labor 

10.  Ash  removal 

1 1 .  Electrical  labor 

12.  Engine  room,  lubrication 

13.  Engine  room,  waste,  etc  

14.  Boiler  room,  lubrication,  etc 

Relative  operating  cost,  per  cent 

Relative  investment,  per  cent 

Probable  average  cost  per  kilowatt . . . 
Probable  fixed  charges 


Recip- 
rocating 
Steam 
Plant. 


2.59 
4.65 
0.53 
1.13 


61.70 
7.20 
6.75 
7.20 
2.28 
1.07 
2.54 
1.78 
0.30 
0.17 

100.00 
100.00 
125.00 

11% 


Recip- 

rocating 

Steam 

Engines 

Gas 

Tur- 

and Low- 

En- 

bine 

pressure 

gine 

Plant. 

Steam 
Tur- 
bines. 

Plant. 

0.51 

1.55 

5.18 

4.33 

3.55 

1.16 

0.54 

0.44 

0.29 

1.13 

1.13 

1.13 

55.53 

46.48 

26.52 

0.65 

0.61 

3.60 

1.36 

4.06 

6.76 

6.74 

5.50 

1.81 

2.13 

1.75 

1.14 

0.95 

0.81 

0.54 

2.54 

2.54 

2.54 

0.35 

1.02 

1.80 

0.30 

0.30 

0.30 

0.17 

0.17 

0.17 

77.23 

69.91 

52.94 

75.00 

80.00 

110.00 

93.75 

100.00 

137.50 

11% 

11% 

12% 

Gas 

En- 
gines 

and 
Steam 

Tur- 
bines. 


2.84 
1.97 
0.29 
1.13 


25.97 
2.16 


4 
3 
1 


06 
05 
14 


0.54 
2.54 
1.07 
0.30 
0.17 

47.23 

96.20 

120.00 

11-5% 


Hy- 
drau- 
lic. 


0.51 


1.13 


1.36 


2.54 
0.20 
0.20 


5.94 
100.00 
125.00 

11% 


For  steam-turbine  plants  larger  than  60,000  kw.  the  cost  per  kilowatt  may  be 
reduced  to  $75.00. 
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TABLE    152. 

f  OPERATING  COSTS  IN   FOUR  TYPICAL  CENTRAL  STATIONS, 
STATE  OF  MASSACHUSETTS 
Year  ending  June,  1909. 


e  Mover 

1  capacity,  kw.. 
onsof  kw.  hrs.. . 
ictor,  percent.  . 
operating  force 
ollars  per  ton  .  . 
hr 


Salem  Elec- 
tric Light 
Co. 


6  Engines 
2500 


3 

14. 
14 

4. 

3. 


106 
2 

51 
3 


Fitchburg  Gas 

&  Electric 

Co. 


3  Engines 

2000 

4.006 
22.9 
12 

4.52 

3.28 


Haverhill 
Electric  Co. 


2  Turbines 
1  Engine 

2300 

3.721 
18.5 
13 

3.97 

3.27 


Maiden 
Electric  Co. 


1  Turbine 
3  Engines 


4.715 


14 

3.78 
3.02 


Operating 

Costs,  Cents 

per  Kilowatt  Hour. 

0.740 
-0.025 
0.027 
0.410 
0.034 
0.158 
0.011 

0.740 
0.015 
0.025 
0.308 
0.017 
0.041 
.   0.072 
0.024 

0.650 
0.019 
0.003 
0.285 
0.063 
0.073 
0.019 
0.040 

0.565 

e 

0.020 

0.045 

.  0.320 

ing  repairs 

nent  repairs. . . . 
j  ipment  repairs. 

0.023 
0.072 
0.014 
0.021 

1.412 

1.242 

1.152 

1.08 

TABLE    163. 

ER,  CENTS  PER  KW.  HOUR.     STEAM-ELECTRIC  CENTRAL  STATIONS. 

Year  ending  June  30,  1908. 


Bos- 
ton. 


*s 

airs 

er  ton 

ons    kilowatt 

[*ar 

tation,  thou- 
P 


.462 
.008 
.024 
.192 
.015 
.042 
.056 
.023 


.822 
3.99 

88.5 

73.5 


Worcester. 


.703 
.027 
.034 
.360 
.012 
.055 
.055 
.000 


1.246 
4.79 

5.4 

5.90 


Lowell. 


.710 
.009 
.008 
.262 
.020 
.020 
.009 
.022 


1.060 
4.75 

9.4 

7.39 


Fall 
River. 


.880 
.032 
.012 
.538 
.012 
.037 
.029 
.080 


1.620 
4.68 

4.0 

4.43 


Mai- 
den. 


.635 
.017 
.032 
.342 
.035 
.072 
.014 
.033 


1.180 
4.49 

4.6 

4.87 


Cam- 
bridge. 


.690 
.019 
.055 
.347 
.021 
.059 
.046 
.000 


1.237 
4.40 

6.0 

6.75 


Lynn. 


.618 
.012 
.040 
.29$ 
.052 
.147 
.045 
.000 


1 
3 


210 
60 


8.7 
8.2 
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1000- Horse- power  Plant.      (R.  C.  Carpenter.) 
(Sitilty.  Journal  af  Engineering,  November,  1904.  p.  92.) 


I*. 

h 

lis 


Non-Conilciisinj;  Engines. 
Simple  slide-valve,    aver- 
age  

Simple  slide-valve,  best.  . . 

Simple  Corliss,  average 

Simple  Corliss,  best  

•Compound  slide-valve.. . . 

Condensing  Engines. 

Compound        slide-valve, 

average 

Compound  slide-valve, 

Compound  Corliss,  average 
Compound  Corliss,  best,  , 


"The  compound  slide-valve  engine,  running  non-condensing,  mode.  In  this  scries  o!  t«li  i 
poorer  record  than  the  single  Corliss.  This  may  have  been  due  to  (lie  extremely  bad  condition 
nf  loading.     It  Is,  I  think,  a  fact  that  this  claw  of  engine  baa  not  been  a  marked  succea  la 


TABLE  155. 

OPERATING  EXPENSES  OF  BOSTON  ELEVATED  RAILWAY  COMPANY. 
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W.«5 
0  M 

30.063 
0  45 

51,163 
41  5 

O    17 

51.M3  1  «.)» 

iiii 

o:« 
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40  60 

PER  CENT  LOAD-FACTOR 

Fig.  583.     Cost  of  Power  in  Large  Power  Plants  with  Maximum  Load  over 
30,000  Kilowatts.     Coal  at  $3.00  per  Ton.     14,500  B.T.U.  per  Pound. 
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l.»BeclproestlngsteantplAnt. 

g.^Steiun-turblnc  plum. 

1.  ■ll.«llLIIIIH|ltlll  ItflM  and  low-prmmro 

turbine  plant. 
4.  ■  Giui-cugine  plant. 
!.-■■  Gasmijiiiie  wi'l  sleain-turbinc  plant. 
0 =- Hydra  u  11  i-pl&nt 

\y 

J*' 

3^ 

'"a 

Percent  LouJ-FaL'to 


0  B.T.U.  per  Pound. 
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TABLE  156. 

COST  OF  POWER. 

Pacific  Gas  and  Electric  Company. 

Kilowatt-hours  generated  by  steam 85,707,854 

Kilowatt-hours  generated  by  transmission 7,787,959 

93  495  813 
Kilowatt-hours  sold 68,'797|090 

Kilowatt-hours  lost  in  distribution 24,698,723 

Per  cent  loss,  26.5. 

TOTAL  COSTa 

Revenue  from  sales $2,730,248. 00 

Cost  of  generation $729,315.00 

Cost  of  distribution 347,182. 00 

Cost  of  administration 943,363.00.     2,019,860.00 


Net  earnings 


$710,388.00 


UNIT  COST8,  CENTS  PER  KILOWATT-HOUR. 

• 

Generation:  Distribution: 

Labor 0.225  Labor 0.216 

Materials 0.731  Materials 0.098 

Repairs 0.104  Repairs 0.191 


1.060 

Administration: 

Labor 0.271 

Materials 0.082 

Legal  Expenses 0. 021 

Fire  Insurance 0. 005 

Bad  Debts 0.026 

Advertising 0.008 

Damages  to  persons 0. 005 

Rental 0.005 

Taxes 0.153 

0.576 


0.505 
Summary  of  Unit  Costs: 

Generation 1 .  060 

Distribution 0 .  505 

Administration  . . . 0.576 

Interest 0.006 

Depreciation 0.789 

2.936 


TABLE  157. 

COST  OF  POWER. 

Fear  Ending  June  30,  1911,  Central-station  Production  at  Fall    River. 

Equipment:  One  500-,  two  1000-kilowatt  turbo-alternators. 
Six  350-horse-power  boilers. 

Total  output:  5,764,466  kilowatt-hours. 

Load  factor:  28  per  cent. 

Total  Operating  Costs: 

Coal,  7726  tons  at  $3.67 $28,332.00 

Oil  and  waste 633.00 

Water 747.00 

Miscellaneous  supplies 598 .  00 

Wages,  16  men 13,329.00 

Repairs,  building 5,537 .  00 

Repairs,  steam  equipment 1,555 .  00 

Repairs,  electrical !5^iP9 

$51,840T00 
Unit  Operating  Costs,  Cents  Per  Kilowatt-hour: 

Fuel 0.49 

Wages 0 .  23 

Supplies  and  Repairs 0.18 

0790 
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TABLE  158. 

COST  OF  POWER  AT  THE  POWER  PLANT  OF  FITCHBURG  YARN  COMPANY  FOR  THE 

YEAR  ENDING  MARCH  25,  1911. 

Hewes  &  Phillips  cross-compound  Corliss  engine,  26  and  56  by  60  inches: 

Boiler  pressure  per  square  inch 175  pounds. 

Receiver  pressure  per  square  inch 19  pounds. 

Hewes  &  Phillips  independent-driven  Venturi  condenser. 

5  Dillon's  Manning  type  boilers,  74-inch  waist,  17-foot  tubes: 

Grate  area 192.40  square  feet. 

Heating  surface 10,449  square  feet. 

Superheating  surface 4662  square  feet. 

I.  B.  Davis  gleaner  exhaust  heater: 

Water  from 44  to  118  degrees 

I.  B.  Davis  gleaner  heater: 

Exhaust  of  condensing  engine  and  condensation  from  re- 
ceiver, water  from 118  to  152  degrees 

Green  fuel  economizer,  4488  square  feet  heating  surface: 

Water  from 152  to  232  degrees 

Gases  entering  economizer 430  degrees 

Gases  entering  chimney ". 230  degrees 

Height  of  chimney 165  feet 

William  A.  Jepson  coal,  semi-bituminous: 

Cost  of  coal  per  ton $4  .,50 

Maximum  indicated  horse  power 1291. 8 

Minimum  indicated  horse  power 2107 . 8 

Average  indicated  horse  power 1744 .  28 

COST  OF  POWER. 

4229.57  pounds  coal  per  horse  power  (including  banking  and 

heating) S8 .  46 

Labor 2.92 

Supplies  and  repairs 1.11 

Total  operating  expenses $12. 49 

Depreciation  ana  interest $4. 01 

Taxes 0.72 

Insurance 0.04 

Total  fixed  charges 4.77 

Total  gross  cost $17.26 

Deduct  cost  of  heating , 0.58 

Total  cost  one  horse  power  per  year $16 .  68 

TABLE  159. 

COST  OF  OPERATION. 

Power  Plant  of  the  Hyde  Park  Electric  Light  Company,  Boston,  Mass.  (1910). 

For  the  year  ending  June  30,  1910,  total  kilowatt-hours,  sold 4,103,384 

Of  the  total  88.5  per  cent  was  for  street  railway  service  or 3,636,390 

Total  output  at  station,  kilowatt-hours 4,357,648 

Total  generator  capacity  in  kilowatts 1,775 

Coal,  bituminous  at  $3.94  and  No.  3  Buckwheat  at  $3.17. 

NET  COST  AT  SWITCHBOARD. 

Fuel • $34,228. 04  equals  $0.0078  kw.-hour 

Oil  and  waste 746. 45 

Water 707.63 

Station  wages 9,609. 76  equals  $0.0022  kw.-hour 

Repairs,  station  building 607 .  44 

Repairs,  steam  equipment 2,966 .  14 

Repairs,  electric  equipment 652.71 

Minor  tools 776.19 

Total $50,294.36  equals  $0.0115  kw.-hour 
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Curves  showing  Range 
in  Cost  of  Power 
in  SO)  Mfg.  Plants 

Middle-Western  States 

a 

&  ' 

3 

\ 

i   " 

S  " 

\ 

]i  * 

\ 

f 

* 

I 

V 

1  ,u 

\ 

\ 

1  »- 

i 

\ 

s    rn 

\ 

\ 

1 ; 

\ 

\ 

\ 

S 

8  * 

s 

a. 

\ 

< 

»- 

p- 

— - 

» - 

s 

i 

1 

I 

l 

^ 

i 

\ 

i 

; 

Slie  of  riant,  Hone-Power 
Fw.  686. 


47S-  Elements  of  Power-plant  Design. —  The  real  problem  which 
confronts  the  designing  engineer  is  not  so  much  the  selection  and 
arrangement  of  apparatus  for  a  given  set  of  conditions  as  it  is  to  foresee 
the  conditions  under  which  the  plant  is  likely  to  operate.  For  this 
reason  the  plans  for  the  station  should  be  examined  and  approved  by 
an  experienced  designing  engineer,  in  case  expert  service  is  not  em- 
ployed at  the  outset.  It  is  not  sufficient  to  have  a  mechanically  per- 
fect plant,  though  of  course  proper  installation  is  of  prime  importance. 
The  choice  of  fuel,  selection  of  type  of  prime  mover,  size  of  units 
provision  for  future  expansion,  and  similar  factors  bear  considerable 
weight  upon  the  economy  of  operation.     Each  proposed  installation  >° 
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likely  to  be  a  problem  in  itself,  and  though  similar  plants  may  be  used 
as  patterns,  each  case  should  be  worked  out  on  its  own  merits. 

The  most  important  factor  in  the  design  of  a  power  station  is  the 
determination  of  the  probable  load  curve.  This  refers  not  only  to  Hit 
average  yearly  load  but  also  to  the  maximum  daily  load  which  is  likelr 
to  occur,  the  minimum  daily  load,  temporary-  peak  loads,  and  probable 
future  increase.  The  station  load  factor  and  the  yearly  load  factor 
which  have  such  a  marked  bearing  on  the  cost  of  operation  may  be 
closely  approximated  from  the  daily  load  curves.  Steam  requirements 
for  heating  and  industrial  purposes,  water  supply,  and  other  forms 
of  energy  requirements  should  be  considered  simultaneously  with  the 
electrical  demands  since  these  factors  largely  influence  the  choice  of 
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Juniury  11,  Verj  dirk  and  cloudy 
H»rc  h  ».  Brtet* 
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Fi«.  5H7.     Ty]iic:ii  I.ljiiiy  I.n;ul  Curves,  Large  Apnrtmcnt  Builclinn. 

prime  mover.  The  curves  in  Figs.  587  to  589  sire  taken  from  the  daily 
records  of  large  power  stations  in  Chicago  and  serve  to  illustrate  the 
great  variation  in  the  electrical  power  demands  for  different  days  in 
the  year.  It  is  quite  evident  that  an  equipment  based  solely  upon  the 
average  yearly  requirements  may  not  be  adapted  to  the  best  economical 
operation. 

The  load  curves  for  manufacturing  plants  may  be  predetermined 

with  a  fair  degree  of  accuracy  since  the  power  demands  for  various 

imposes  may  be  readily  segregated  and  analyzed,   but  with  public 

Clity  concerns  and  certain  classes  of  isolated  stations  the  problem  is 

smriy  a  matter  of  judgment.     Thus,  in  the  case  of  an  industrial 

**r*   the  power  requirements  for  lighting,  manufacturing  purposes. 

xuc  ventilation ,  ;md  sanitation  may  be  closely  approximated  siuee 

'■*  *»  -i  Wlding,  exposure,  number  of  floors,  and  the  number  of 
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elevators  afford  a  definite  basis  for  analysis;  but  with  public  utility 
concerns  the  probable  load  depends  largely  upon  the  business  acumen 
of  the  management  in  securing  customers,  the  location  of  the  plant 
and  future  demands.  In  the  latter  case  the  load  curve  i3  based  chiefly 
upon  the  experience  of  similar  plants  under  comparable  conditions  of 
operation. 
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Fio.  688.     Typical  Daily  Load  Curvw.  Tall  Office  Building,  Chicago. 

In  any  case  the  greatest  care  should  be  exercised  in  estimating  the 
maximum  peak  load  which  is  likely  to  occur.  High  peak  loads  with 
low  daily  average  necessitate  the  installation  of  large  machines  which 
are  idle  or  operate  uneconomically  the  greater  part  of  the  time  and 
result  in  heavy  fixed  charges.  The  financial  failure  of  many  electric 
light  and  power  plants  is  directly  traceable  to  the  failure  to  consider 
the  influence  of  maximum  peak  loads  on  the  ultimate  cost  of  operation. 
In  connection  with  central-station  service  every  customer  represents  a 
certain  investment,  regardless  of  the  amount  of  power  used.  Even 
should  he  consume  no  power,  his  account  would  have  to  be  carried  on 
the  books  and  a  certain  amount  of  equipment  would  have  to  be  held 
in  readiness  to  serve  him.  In  order  that  every  customer  shall  incur 
his  share  of  the  expense,  the  expense  of  the  plant  must  be  apportioned 
between  the  capacity  and  output  costs.  The  heavier  the  peak  loads 
the  greater  will  be  this  charge,  and,  as  is  the  case  with  many  small 
lighting  plants  where  current  is  used  but  three  or  four  hours  a  day,  the 
readiness  to  serve  charge  becomes  excessive  and  either  the  station  must 
operate  at  a  loss  or  the  unit  cost  will  appear  to  be  prohibitive. 

The  curves  in  Fig.  590  are  taken  from  recording  ammeter  and  re- 
cording steam  meter  readings  of  a  200-kilowatt  direct-connect 
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45-kilowatt  belted  generator  set  installed  at  the  power  plant  of  the 
rmour  Institute  of  Technology  and  serve  to  illustrate  the  influence  of 
ad  on  economy  for  very  unfavorable  conditions.  At  8:00  a.m.  the 
nail  unit  is  started  up  with  initial  load  of  about  150  amperes.  As  the 
■ad  increases  the  water  rate  decreases,  as  is  shown  by  the  curve  AB. 


Fia.  591. 


it  9:00  a.m.  the  load  is  beyond  the  capacity  of  the  small  machine  and 
he  large  unit  is  put  into  service.  The  increased  water  rate  of  the  large 
nit  over  the  requirements  of  the  smaller  is  apparent  by  the  sudden 
iBe  in  the  water-rate  curve.  This  is  due  to  the  fact  that  the  large  unit 
»  operating  at  only  20  per  cent  of  its  rating,  against  full  load  for  the 


Month  of  the  Your 

hi.  502.     Yearly  Load  Curve  showing  Influence  of  Temperature  on  Coal  Consumption, 
Combined  Heat  and  Power  Plant,  Armour  Institute  of  Technology. 

nail  one.  The  fluctuation  of  the  water  rate  with  the  load  variation 
i  clearly  shown.  Evidently  the  two  units  are  not  of  the  proper  size 
>r  the  particular  load  conditions  illustrated  in  Fig.  590.  During  the 
eating  months  when  live  steam  is  necessary  for  "make-up"  purposes 
be  unfavorable  engine  load  has  little  effect  on  the  ultimate  econo 
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but  during  the  summer  months  the  loss  from  this  cause  may  be  a  serious 
one. 

The  curves  in  Figs.  590  to  592  show  that  during  the  winter  months  in 
a  combined  heat  and  power  plant  the  fuel  requirements  may  be  prac- 
tically uninfluenced  by  the  electrical  demands  and  increase  in  electrical 
output  does  not  effect  an  appreciable  increase  in  fuel  consumption,  but 
the  influence  of  the  outside  temperature  is  clearly  indicated. 
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CHAPTER  XIX. 

TYPICAL  SPECIFICATIONS. 

176.  Sample  Specifications  for  a  Cross  Compound  Non-Condensing 
fine. — For  and  in  consideration  of  the  amount  and  terms  named  in  the  letter 
)mpanying  this  specification,  and  of  the  same  date,  we  propose  to  furnish 
>.  cars  at  our  factory,  Elizabethport,  N.J.,  for  account  of  The  Armour 
rrruTE  of  Technology,  Chicago,  111.,  One  Ball  &  Wood  Horizontal 
rR- Valve  (Corliss)  Center-Crank  Engine,  designed  for  direct  connection 
,  direct-current  generator,  as  follows: 

eral  Horse  power 350  to  375 

tensions.  Diameter  of  cylinders H.P.,  17;  L.P.,  27  inches 

Length  of  stroke 18  inches 

Revolutions  per  minute 175  to  200 

Governor  wheel diameter,  90;  face,  21  inches 

Width  of  belt  (if  belted)   20  inches 

Diameter  of  steam  pipe 7  inches 

Diameter  of  exhaust  pipe 10  inches 

Crosshead  pins 6  in.  long,  8  in.  diameter 

Crank  pins 9  in.  long,  9}  in.  diameter 

Main  bearings 20  in.  long,  9  in.  diameter 

Wearing  surface  of  crossheads 242  square  inches 

Width  of  engine  over  all 14  feet  6  inches 

Length  of  engine  over  all 20  feet  3  inches 

Weight  complete 60,000  pounds 

ng.  The  rated  power  of  the  engine  specified  is  based  on  an  initial 

pressure  of  120  pounds  (measured  in  the  cylinder),  cutting  off  at 
about  one  third  stroke  in  both  cylinders,  without  vacuum,  when 
operating  at  200  revolutions  per  minute. 

jigs.  With  each  engine  is  furnished  the   following  complete  list  of 

fittings: 

One  extended  shaft  (omitted  if  belted  engine), 

One  sub-base  with  extension  for  dynamo  (omitted  if  belted 

engine), 
One  self-oiling  outboard  bearing  (omitted  if  belted  engine), 
One  throttle  valve, 
One  lubricating  system  consisting  of  pipes,  sight  feeds,  and 

oil  reservoir. 
One  cylinder  lubricator,  nickel  plated, 
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ul  The  piston  rods  are  of  special  hammered  steel,  threaded  and 

screwed  into  the  crossheads,  and  locked  fast  with  special  nut 
counterbored  at  the  end  to  cover  threads,  finished  and  case- 
hardened.  The  other  ends  of  the  rods  will  be  fitted  to  the  pistons 
with  thread  and  locked  with  nut.  The  pistons  will  be  fitted  with 
two  rings  turned  eccentric  and  cut  open  at  the  thinnest  part,  the 
ends  being  halved  so  as  to  lap  when  in  position. 

68.  Both  the  admission  and  exhaust  valves  are  of  the  Corliss 

pattern.  The  former  are  provided  with  double  ports,  and  are 
actuated  from  a  wrist  plate  receiving  its  motion  from  the  governor 
placed  in  the  fly  wheel  of  the  engine.  This  governor  controls  the 
valves  of  both  the  high  and  low-pressure  cylinders  and  possesses 
a  range  of  cut-off  from  0  to  about  f  stroke. 

The  exhaust  valves  are  driven  from  a  wrist  plate  through  an 
adjustable  eccentric  by  which  any  desired  degree  of  compression 
can  be  obtained. 

(L  The  use  of  Corliss  valves,  arranged  as  described  in  the  foregoing 

paragraph,  permits  an  increased  speed  over  the  common  type 
of  Corliss  engine  with  releasing  gear,  and  while  yielding  the 
same  economy  dispenses  with  many  working  parts,  and,  what 
is  more  important,  with  the  large  and  cumbersome  fly 
wheel  which  has  so  often  proved  a  source  of  danger  in  slow- 
speed  engines. 

ie.  The  frame  is  proportioned  for  great  strength  and  the  metal  is 

placed  where  it  is  most  needed.  An  oil  groove  is  cast  around  the 
bottom  of  the  frame  to  protect  the  foundation. 

i  Main  bearings  are  fitted  with  removable  Babbitt  shells  which 

ingfl.  can  be  replaced  when  necessary.  Special  care  is  taken  to  have 
these  bearings  of  ample  length  to  support  the  wheels  and  stand 
the  strain  of  power  transmission  or  the  weight  of  armature  when 
direct  connected.  In  the  latter  case  a  self-oiling  outboard  bearing 
is  provided  to  carry  the  outer  end  of  shaft. 

08.  The  guides  are  known  as  the  locomotive  pattern  and  are  inter- 

changeable. They  are  carefully  scraped  to  surface  plates  and 
provision  made  for  taking  up  wear. 

t  Shaft.  The  crank  shaft  is  of  the  best  quality  of  steel,  being  carefully 
counterbalanced  by  cast-iron  disks  in  which  the  necessary  weight 
is  placed.  In  direct  connected  engines  this  shaft  is  either 
extended  in  one  piece  to  carry  the  armature  or  made  in  two 
pieces  and  coupled. 

unor.  The  governor  i3  of  the  inertia  type  and  has  a  swinging  eccen- 

tric, the  eccentric  center  moving  across  the  end  of  the  shaft  about 
an  outside  point,  and  giving  a  lead  which  varies  with  the  point  of 
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Governor  —  Continued. 

cut-off  from  %  maximum,  at  the  latest  point,  to  zero,  when  tb 
governor  weights  occupy  their  extreme  outward  position.  Alter- 
ation in  speed  is  obtained  by  changing  the  amount  of  weight  a 
the  pockets  of  the  lever  arm. 


Balance. 


The  balance  wheel  (in  the  case  of  belted  engine)  is  made  whk 
a  Ranged  rim  and  with  a  split  hub,  the  hub  being  secured  to  the 
shaft  by  a  bolt.  The  other  keys  are  square,  with  parallel  ado, 
and  are  inserted  without  driving. 


Oiling. 


The  oiling  system  consists  of  a  simple  oil  reservoir  which  sup« 
plies  oil  through  a  system  of  pipes  to  the  points  of  the  engine 
needing  lubrication.  After  fulfilling  its  functions  this  oil  is  drained 
and  can  be  used  anew.  This  does  away  with  the  old  cumbersome 
oil-cup  system  and  has  the  great  advantage  of  delivering  clean  08 
to  the  engine. 

Guarantees.       Material.    We  guarantee  that  the  material  and  workmanship 

are  of  the  best  and  that  all  working  parts  having  flat  surfaces  are 
scraped  to  surface  plates. 

Regulation.  That  the  engine  shall  regulate  within  2  per  cent 
under  changes  of  load  within  the  range  of  the  governor,  and  that 
no  reduction  of  boiler  pressure  shall  reduce  the  speed  until  tat 
latest  point  of  out-off  is  reached. 

Steam  Consumption.  That  the  steam  consumption,  when  the 
engine  is  developing  its  rated  power  at  125  pounds  pressure 
and  no  vacuum,  shall  not  exceed  22  pounds  of  dry  steam  ptf 
indicated  horse  power  per  hour;  that  the  clearance  shall  not 
exceed  8  per  cent. 

With  the  engine  is  furnished  a  drawing  showing  its  details, 
together  with  foundation  plans. 

Every  engine  is  completely  erected  at  our  works  before  ship- 
ment. The  eastings  are  rubbed  smooth,  carefully  filled,  and  the 
engine  given  two  good  coats  of  standard  shop  color.  All  bright 
parts  are  carefully  protected  against  corrosion.  The  engine  is 
dismantled,  the  small  parts  being  boxed,  and  in  the  case  of  export 
shipment  the  larger  pieces  crated. 

Full  drawings  and  directions  for  erecting  the  engine  will  be 
furnished.  Template,  foundation  bolts,  nuts,  and  plates  to  be 
shipped  in  advance  if  necessary,  and  by  freight  unless  otherwise 
directed. 

If  requested  we  will  furnish  the  services  of  an  expert  to  superin- 
tend the  erection  of  this  engine  at  the  rate  of  $5  per  day  addei 
to  his  traveling  expenses  and  board,  the  purchaser  to  furnish  all 
laboring  help. 


Drawings. 

Preparation 
for  Ship- 
ment. 


Erection 
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One-half  cash  on  presentation  of  bill  of  lading,  balance  on 
completion  of  erection. 

The  title  to  the  apparatus  herein  sold  shall  not  pass  from  The 
Ball  and  Wood  Company  until  all  payments  hereunder  (including 
deferred  payments,  if  any)  shall  have  been  fully  made  in  cash. 
The  purchaser  agrees  to  do  all  acts  necessary  to  perfect  and  main- 
tain such  retention  of  title  in  the  said  Company.  AH  previous 
communications  between  the  parties  hereto,  verbal  or  written,  are 
hereby  abrogated  and  withdrawn,  and  this  proposal,  when  duly 
signed  and  approved,  constitutes  the  agreement  between  the 
parties  hereto,  and  no  modification  of  this  accepted  agreement 
shall  be  binding  upon  the  parties  hereto  or  either  of  them  unless 
such  modification  shall  be  in  writing,  duly  accepted  by  the  pur- 
chaser and  approved  by  an  executive  of  the  Company. 

lit.  Prices  subject  to  revision  after  thirty  days.     Delivery  subject 

to  strikes,  accidents,  or  causes  beyond  our  control. 

177.   Specifications   for   Horizontal   Tubular   Steam   Boiler.*  —  The 

owing  specifications  for  one  54-inch  horizontal  return  tubular  steam 
ler,  pressure  125  pounds,  were  prepared  by  the  Hartford  Steam 
iler  Inspection  and  Insurance  Company  for  the  Armour  Insti- 
te  op  Technology,  Chicago. 
The  boiler  to  conform  to  the  following" conditions  and  requirements: 

>e  and  It  is  to  be  of  the  horizontal  tubular  type,  set  with  overhanging 

neral  front,  and  all  parte  and  pieces  are  to  be  designed  accordingly. 

nensions.  It  is  to  be  17  feet  2  inches  long,  outside,  and  54  inches  in  dia- 
meter, measured  on  the  outside  of  the  smallest  ring  of  plates. 
Heads  are  to  be  16  feet  0  inches  apart,  outside. 

kterials:         Shell  plates  are  to  be  three-eighths  of  an  inch  thick  on  the 

riity,  edges,  of  open-hearth  fire-box  steel,  having  a  tensile  strength  of 

ickness,      not  less  than  55,000  pounds  nor  more  than  62,000  pounds  per 

1  Tests,      square  inch  of  section,  and  an  elastic  limit  of  not  less  than  half 

the  tensile  strength,  with  not  less  than  56  per  cent  of  ductility,  as 

indicated  by  contraction  of  area  at  point  of  fracture  under  test, 

and  by  an  elongation  of  25  per  cent  in  a  length  of  8  inches. 

Heads  are  to  be  one-half  of  an  inch  thick,  of  best  open-hearth 
flange  steel.  All  plates,  both  of  shell  and  heads,  are  to  be  plainly 
stamped  with  name  of  maker,  brand,  and  tensile  strength ;  brands 
so  located  that  they  may  be  seen  on  each  plate  after  the  boiler  is 
finished. 

Each  shell  plate  is  to  bear  a  coupon  which  shall  be  sheared  off, 
finished  up,  and  tested  by,  or  for,  the  maker  of  the  boiler,  at  his 
expense.     Each  coupon  is  to  fulfill  the  foregoing  requirements  as 

*  Drawings  have  been  omitted. 
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to  strength  and  ductility,  and  stand  bending  down  double  when 
cold,  when  red  hot,  and  after  being  heated  and  quenched  in  cold 
water,  without  signs  of  fracture.  There  is  not  to  be  more  than 
0.035  per  cent  of  sulphur,  nor  more  than  0.035  per  cent  of  phos- 
phorus in  the  chemical  composition  of  the  plates  and  heads.  AH 
plates  failing  to  pass  these  tests  will  be  rejected.  All  tests  tod 
inspections  of  material  may  be  made  at  the  place  of  manufacture 
prior  to  shipment.  Certified  copies  of  report  of  tests  must  he 
sent  to  the  Hartford  Steam  Boiler  Inspection  and  Insurance 
Company,  Hartford,  Conn. 

Riveting.  The  longitudinal  seams  are  to  be  of  the  double-riveted  butt- 

joint  type  with  double  covering  strips.  They  are  to  be  arranged 
to  come  well  above  the  fire  line  of  the  boiler,  and  break  joints 
in  the  3  ring  courses  in  the  usual  manner.  The  plates  arc  to  be 
planed  on  the  caulking  edges  before  rolling. 

All  dimensions  and  proportions  are  to  be  shown  on  accompany* 
ing  drawing  Xo.  1502. 

The  girth  seams  are  to  be  of  the  single-riveted  lap-joint  type; 
rivets  to  be  of  same  size  as  those  in  longitudinal  seams,  and 
pitched  2 J  inches  apart  from  center  to  center;  the  distance  from   ' 
center  of  rivet  to  the  edge  of  the  plate  to  be  equal  to  1}  times 
the;  diameter  of  rivet  hole. 

The  rivet  holes  are  to  be  either  drilled  in  place,  or  punched  at 
least  one-quarter  of  an  inch  less  than  full  size;  if  the  latter  method 
is  used,  the  plates,  after  punching,  are  to  be  rolled  and  bolted 
together,  and  the  rivet  holes  drilled  in  place  one-sixteenth  of  sn 
inch  larger  than  the  diameter  of  the  rivets.     The  plates  are  then 
to  be  disconnected.     All  burrs  are  to  be  removed  from  the  edces 
of  the  holes.     Should  any  holes  be  in  the  least  out  of  true,  they 
are  to  be  brought  in  line  with  a  reamer  or  drill;  if  a  drift-pin  is 
used  for  this  purpose  the  boiler  will  he  rejected. 

All  rivets  are  to  t>e  driven  by  hydraulic  pressure,  wherever 
possible,  and  allowed  to  cool  and  shrink  under  pressure.  Thi<  ]•!**• 
sure  is  to  completely  fill  the  rivet  holes,  producing  a  tight  joint. 

Rivet  Ham-       The  rivets  are  to  be  of  the  best  quality  of  iron  or  soft  st«\. 

mer  Tests,  capable  of  being  hammered  flat,  when  cold,  to  a  thickness  •"•? 
one-half  their  original  diameter,  or  when  hot,  to  one-third  th*ir 
original  diameter,  without  showing  signs  of  fracture.  In  t'w 
absence  of  physical  test,  it  is  understood  that  the  contract'"* 
guarantees  the  above  quality  of  rivets. 

ftracat.  There  are  to  be  20  braces  1  ^  inches  in  diameter  in  the  boiler, 

10  above  the  tubes  on  front  head,  and  10  on  rear  head,  of  the 
crow-foot  form,  arranged  as  shown  on  drawing.  None  of  them 
is  to  be  lc>s  than  .'i  feet  0  inches  long,  and  each  is  to  be  fastened 
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to  shell  and  heads  by  two  seven-eighths  inch  rivets  at  each  end ; 
or  solid  steel,  diagonal  braces  of  approved  pattern,  and  of  equal 
strength  to  the  former,  may  be  used.  Care  is  to  be  exercised  in  set- 
ting them  that  they  may  bear  uniform  tension.  Crow-foot  braces 
may  be  flat  in  body,  if  of  equal  strength  to  those  specified  above. 

>8  There  are  to  be  4  braces  below  the  tubes  in  the  boiler.    Two 

r  of  these  are  to  be  through  braces  extending  from  head  to  head. 

s*  Each  brace  is  to  be  1 ft  inches  in  diameter,  with  a  fork  formed  on 

rear  and  secured  with  a  lj-inch  turned  bolt  and  nut  to  a  crow- 
foot securely  riveted  to  rear  head;  these  are  the  inner  or  central 
braces.  The  front  end  of  brace  is  to  be  upset  to  a  diameter  of  If 
inches,  threaded  and  secured  to  front  head  with  a  nut  and  washer 
on  both  the  inside  and  outside  of  head. 

The  2  remaining  braces  are  each  to  be  1ft  inches  in  diameter, 
and  secured  to  rear  head  in  same  manner  as  the  through  braces; 
the  front  end  of  the  brace  is  to  be  extended  forward,  fitted  to  side 
of  shell,  and  riveted  there  with,  two  1-inch  rivets.  All  to  be 
substantially  as  shown  on  accompanying  diagram  of  tube  head 
No.  2431. 

8 :  Size,  There  are  to  be  36  lap-welded  or  seamless-drawn  tubes,  of  the 
ber,  and  best  quality  with  regard  to  tensile  strength  and  ductility.  They 
nge-  are  to  be  round,  straight,  and  free  from  all  surface  defects,  prop- 
•#•  erly  annealed  on  their  ends,  and   guaranteed   by  the  manufac- 

turers to  have  been  tested  to  at  least  five  hundred  (500)  pounds 
per  square  inch  internal  hydrostatic  pressure.  Each  tube  is  to 
be  4  inches  in  diameter,  16  feet  0  inches  long,  and  not  less  than 
standard  thickness,  set  in  vertical  rows,  with  a  clear  space 
between  them,  vertically  and  horizontally,  of  1  inch,  except  the 
central  vertical  space,  which  is  to  be  2  inches,  as  shown  on  accom- 
panying diagram  of  tube  head  No.  2431. 

Holes  for  tubes  are  to  be  neatly  chamfered  off  on  outside. 
Tubes  to  be  set  with  a  Dudgeon  expander,  and  beaded  down  at 
each  end.  Tube  holes  may  be  drilled  and  reamed,  or  may  be 
punched  one-quarter  inch  less  than  full  size,  then  rose  bitted  to 
exact  diameter. 

holes.  There  are  to  be  two  manholes,  one  11  x  15  inches,  with  pressed 

steel  frame,  double  riveted  to  inside  of  shell  on  top,  and  one 
10  x  15  inches,  flanged  in  front  head  below  tubes,  with  suitable 
plates,  yokes,  and  bolts,  the  proportions  of  the  whole  such  as  will 
make  them  as  strong  as  any  portion  of  the  shell  of  like  area. 

»  The  boiler  to  be  suspended  from  steel  I  beams,  6  inches  deep, 

>orts.  12}  pounds  per  foot,  by  means  of  eye  or  U  bolts  and  plate  loops. 
There  are  to  be  6  loops,  2  on  each  side  of  the  boiler,  securely 
riveted  to  boiler  shell.    The  I  beams  are  to  be  supported  t 
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iron  columns  of  square  or  roctangulai 
three-quarters  inch  thick.  Each  pair  o: 
together,  3  inches  apart,  by  tic-bolts  an 
separator  near  each  end,  and  others  ; 
feet.  The  tup  and  bottom  flanges  of  eo. 
The  whole  system  of  susjiension  is  to 
ner,  pmjicrly  arranged  to  allow  free 
securely  held  and  supported  in  every  < 
every  part,  and  finished  complete. 
Howie  b.  Then?  are  to  be  two  heavy  cast  noz 

steel,  one  4  inches  internal  diameter  t 
anil  one  0  inches  intenial  diameter  foi 
each  accurately  squared  on  top  flange 
lioiler  on  top.  Forged  or  pressed  stec] 
in  place  of  Nozzles. 

The  flanges  of  the  nozzles  to  corrcspo 
ness  with  standard  extra  heavy  pipe  fit 
is  to  lie  an  opening  10  by  K 
n  on  top  for  attachment  of  up 
s  to  be  a  hole  tapped  in  front 
ibove  the  top  of  upper  row  of 
left-hand  side,  for  If 


Opening. 

There 

connect  io 

Teed  Pipe. 

There  i 
» inches  : 

The  bush 
(lie  exter 
liwsthan 

s  Io  !«■ 


ot  1m 


Blow-ofl 
pipe  Oon- 


ruible 


I  internal  feed  pi|>es  t 
ightlwinch. 
Also  furnish  and  put  in  a  lj-inch  i 
front,  head  back  to  within  two  fwt  of  r 
across  the  bnuVr  to  near  shell  on  right 
place  ;ui  elbow  with  the  outlet  pointed 
ingn.  Feed  jape  is  to  lie  properly  hung 
There  is  to  be  nil  extra  heavy  pressor! 
to  bottom  of  shell,  near  rear  end,  and  t 
exlra  heavy  blow-off  pi]"'.  Blow-off 
extra  heavy. 

There  is  to  lie  a  fusible  plug  in  reai 
top  of  upper  row  of  tul>es. 

There  is  Io  tie  furnished  one  pop 
diameter,  one  d-iuch  steam  gauge,  three 
cocka,  and  one  t  hrcc-qiiartcrs-inrh  goug 
to  be  of  approved  paiteni,  and  the  new 
their  proper  i-onneetion.  If  combinati. 
•Jm  steam  and  water  connections  bctwe 
•made  by  pip' not  less  that  l}inehes 
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(tings 
Setting. 


Gfoneral. 


There  is  to  be  furnished  a  substantial  cast-iron  front,  with  all 
necessary  anchor  bolts,  10  feet  long,  closely  fitting  front  connec- 
tion doors  with  suitable  fastening  to  prevent  warping,  closely 
fitting  furnace  doors  with  liner  plates,  rear  connection  door 
16  x  24  inches,  with  liner  plates,  grate  bars  for  grate,  pattern  to 
be  selected  by  purchaser  of  boiler,  54  inches  long  by  48  inches  wide, 
with  suitable  bearer  bars  for  same,  arch  bars  for  rear  connection, 
and  all  buckstaves,  with  the  necessary  bolts  or  tie  rods,  and  all 
other  castings  or  ironwork  of  any  description  necessary  for  the 
proper  construction  and  setting  of  the  boiler  complete. 

The  intent  of  the  foregoing  specification  is  to  provide  for 
material  and  workmanship  of  the  best  quality,  and  any  details  of 
equipment  not  mentioned  in  this  specification,  or  not  shown  on  the 
drawings,  but  necessary  for  the  proper  completion  of  the  boiler 
ready  for  operation,  and  to  be  hereafter  contracted  for,  must  be 
of  equally  good  quality. 

The  size  and  description  of  parts  are  to  conform  substantially 
to  the  details  of  the  accompanying  plan,  and  the  boiler,  complete, 
is  to  be  delivered  at and  all  of  the  material  and  workman- 
ship is  to  be  subjected  to  the  inspection  and  approval  of  the 
Hartford  Steam  Boiler  Inspection  and  Insurance  Company. 


178.   Specifications    for    Barometric    Condenser   and    Auxiliaries.  — 

3  following  sample  specifications  for  a  barometric  condenser  will  give 
le  idea  of  the  various  items  called  for  in  the  purchase  of  a  condenser 
I  appurtenances,  the  italicized  items  being  specified  by  the  purchaser. 


We    submit   herewith  our  tender  for  one 
it  as  follows: 


condensing 


jed  The  condenser  and  auxiliary  machinery  will  have  sufficient 

>acity.  capacity  to  condense  250  pounds  of  steam  per  minute  (equivalent 
to  the  steam  exhausted  from  engines  developing  1000  horse 
power  on  a  basis  of  15  pounds  of  steam  per  horse  power  per  hour) 
when  supplied  with  cooling  water  at  a  temperature  of  70  degrees 
Fahrenheit,  and  maintaining  a  vacuum  at  the  condenser  of  26 
inches  of  mercury. 

►acityun-     The  plant  will  also  have  to  condense  the  quantities  of  steam 

Variable  under  the  varying  conditions  as  stated  below: 


iditions. 


Steam  Condensed  per 
Minute,  Pounds. 

250 
300 
340 
250 
290 


Temperature  of  Cooling 
Water,  Degrees  F. 

70 
70 
70 
80 
80 


Vacuum  Maintained  at 

Condenser,  Inches  of 

Mercury. 

26 
25 
24 
25 
24 
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Q—ntily  of 
Coofcnc 


Apparatus 
Fornisbed. 


Price  and 
Delivery. 

Terms. 


Superin- 
tendence. 

Steam 
Pressure. 


Head 

Pumped 

against. 

Power 
Consump- 
tion ot 
inxttiarles. 


The  volume  of  cooling  water  required  wfcem  tae  enadeacr  ■ 
working  under  the  above  conditions  will  be  from  550  pfiuto 
650  gallons  per  minute. 

The  apparatus  to  be  furnished  by  us  wul  consist  of: 

One  cast-iron  condensing  vessel,  complrte  with  barometric 
tubes  and  foot  valves. 

One  automatic  vacuum  regulator. 

A  structural  steel  framework  for  supporting  the  corriprwng 
vesseL 

One  positive  rotary  pump  for  supplying  the  cooling  witer  to 
the  condenser. 

One  "dry"  air  pump. 

One  horizontal  steam  engine,  arranged  to  drive  the  water  pomp 
by  belt  and  the  air  pump  direct,  the  latter  placed  tandem  to  the 
engine;  the  engine  is  to  be  fitted  with  a  suitable  governor aninged 
for  variable  speeds.     Purchaser  to  furnish  belt. 

Two  pulleys,  one  for  the  engine  and  one  for  the  water  pomp. 

One  vacuum  gauge. 

Four  thermometers. 

We  do  not  include  any  steam,  air,  or  water  pipes,  valvei  nor 
foundation  bolts,  but  will  furnish  plans  showing  suitable  found** 
tions  and  general  arrangement  of  the  machinery. 

Our  price  for  one  barometric  condensing  plant,  as  described, 
including  all  royalties,  and  delivered  f.o.b.    cars  our  works,  a 


Payments  as  follows:  Monthly  payments  as  the  work  pro- 
gresses in  our  shops,  less  10  \>er  cent.  The  retained  percental 
to  !>c  paid  when  the  condenser  is  started  in  service,  provided 
this  is  done  within  a  reasonable  time  after  completion. 

If  desired,  we  will  furnish  a  competent  machinist  to  superintend 
the  erection  and  starting  of  the  plant,  charging  extra  for  his  serv- 
ices, .">()  cents  per  hour  and  his  traveling  and  boarding  expenses. 

'Hie  engine  driving  the  air  and  water  pumps  will  be  capable  of 
starting  and  operating  the  plant  with  100  pounds  minimum  steam 
pressure,  and  will  l>e  built  strong  enough  to  wrork  under  135 
pounds  maximum  steam  pressure. 

The  water  pump  and  engine  driving  same  will  be  designed  to 
raise  the  inject  ion  water  from  the  cold  well  to  the  condenser,  the 
level  of  the  water  in  the  cold  well  to  be  not  more  than  10 fed bdo* 
the  level  of  the  water  in  the  hot  well. 

The  engine  driving  the  air  and  water  pumps  will  require  approxi- 
mately 2  per  cent  of  the  main  engine  steam  when  operating  under 
rated  load  and  with  conditions  as  above  stated. 

The  rotary  pump  has  a  positive  displacement  (Bibus*  patent) 
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and  is  of  substantial  construction.  All  the  power  for  propelling 
the  water  is  transmitted  through  the  main  shaft,  the  office  of  the 
gears  being  simply  to  keep  the  sealing  runner  in  time  with  the 
propelling  runner.  Stuffing  boxes  are  placed  between  the  pump 
chamber  and  bearings  to  prevent  any  grit  in  the  water  coming 
into  contact  with  the  journals. 

The  engine  and  air  pump  is  of  the  crank  and  fly  wheel  type, 
the  engine  being  fitted  with  a  suitable  governor  arranged  for  vari- 
able speeds,  and  the  air  pump  with  the patented  slide  valve. 

479.  Specification  for  Steam,  Exhaust,  Water,  and  Condenser  Piping 
for  an  Electric  Power  Station.*  —  It  is  intended  that  this  specification 
shall  cover  the  complete  installation  of  steam  piping,  exhaust  piping, 
injection  and  discharge  piping,  drain,  drip,  blow-off,  and  boiler-feed 
piping,  water  piping,  valves,  separators,  anchors,  fittings,  etc.,  sub- 
stantially as  shown  on  the  accompanying  drawing  or  hereinafter 
described. 

All  the  materials  used  throughout  must  be  the  best  of  their  respec- 
tive kinds,  subject  to  the  inspection  and  approval  of  the  engineer  of 
the  purchaser. 

The  entire  work  provided  for  in  this  specification  is  to  be  constructed 
and  finished  in  every  part  in  a  good,  substantial,  and  workmanlike 
manner,  according  to  the  accompanying  drawings  and  this  specifica- 
tion to  the  full  intent  and  meaning  of  the  same,  and  everything  necessary 
for  the  proper  and  complete  execution  of  the  plans  and  drawings, 
whether  the  same  may  have  been  herein  particularly  specified  or  not, 
or  indicated  in  the  plans  referred  to,  to  be  done  and  furnished  in  a 
manner  corresponding  with  the  rest  of  the  work  as  well,  as  truly,  and 
as  faithfully  as  if  the  same  were  herein  particularly  described  and 
specifically  provided  for. 

The  engineer  shall  have  full  power  at  any  time  during  the  progress 
of  the  work  to  reject  any  materials  he  may  deem  unsuitable  for  the  pur- 
pose for  which  they  are  intended,  or  which  are  not  in  strict  conformity 
with  the  spirit  of  this  specification.  He  shall  also  have  the  power  to 
cause  any  inferior  or  unsafe  work  to  be  taken  down  and  altered  at  the 
cost  of  the  contractor. 

It  is  to  be  understood  that  the  final  inspection  and  acceptance  of 
the  work  are  to  take  place  at  the  building  after  erection,  and  that  any 
inspection  and  acceptance  of  material  and  workmanship  at  the  mills, 
shops.,  etc.,  to  facilitate  the  progress  of  the  work,  shall  not  preclude 
rejection  at  the  building  if  the  same  be  unsuitable. 

*  Stevens  Indicator,  Vol.  18,  p.  373,  1901. 
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cellar  for  the  purpose  of  furnishing  steam  to  the  condenser  pumps. 
From  one  (1)  header  a  6-inch  and  5-inch  supply  will  be  carried  to  a 
tandem  compound  engine  and  thence  5-inch  to  the  two  (2)  exciter 
engines. 

The  condenser  steam  lines  will  be  continued  under  the  engine-room 
floor  so  as  to  form  a  reserve  steam  supply  to  the  exciter  engines. 
From  the  end  of  each  16-inch  main  steam  header  a  3-inch  loop  will  be 
carried  to  and  from  the  fire  and  boiler  feed  pumps.  The  general 
arrangement  with  sizes  of  pipes,  separators,  valves,  etc.,  is  shown  on 
drawing  No. . 

The  contractor's  high-pressure  steam  work  will  begin  with  the  steam 
nozzles  on  the  boilers  and  end  with  the  throttle  valves  of  pumps  and 
engines.  The  contractor  will  furnish  all  pump  throttle  valves  but  not 
engine  throttle  valves. 

Condenser  and  Exhaust  Piping.  —  The  three  (3)  jet  condensers  and 
air  pumps  will  be  set  under  engine-room  floor.  Injection  water  will 
be  led  to  the  condenser  through  a  16-inch  cast-iron  pipe  which  begins 
at  a  point  6  feet  outside  the  wall  of  the  boiler  house  and  runs  from 
this  point  to  the  condensers.  After  leaving  the  connections  for  the 
fourth  condenser,  this  main  reduces  to  14  inches  in  diameter;  after 
leaving  the  third  it  reduces  to  10  inches  in  diameter;  and  after 
leaving  the  second  it  reduces  to  3  inches  in  diameter. 

This  injection  water  main  will  be  connected  with  the  city  supply  by 
a  5-inch  cast-iron  water  pipe;  and  the  discharge  pipe  will  be  of  cast- 
iron  and  will  be  led  from  the  condensers,  beginning  with  a  diameter  of 
5  inches,  increasing  to  10  inches,  and  again  increasing  to  14  inches, 
and  then  to  16  inches  after  the  last  condenser,  from  whence  it  will  be 
carried  to  a  point  6  feet  outside  of  the  boiler-house  wall. 

The  low-pressure  cylinder  of  the  tandem  compound  engine  will  be 
connected  by  a  10-inch  and  a  12-inch  pipe  with  No.  1  condenser. 
Connection  will  be  made  between  both  high-  and  low-pressure  cylin- 
ders of  the  750-horse-power  engines  with  18-inch  condenser  exhaust 
headers.  Between  the  exhaust  header  and  the  cylinder  of  the  engines, 
connections  will  be  made  with  a  free  exhaust  main  leading  to  and 
from  exhaust  riser  extending  through  the  roof  of  the  boiler  house. 
The  general  arrangement  and  the  sizes  of  the  gate  valves,  free  exhaust 
valves,  etc.,  are  shown  on  drawing  No. . 

The  exhaust  from  the  two  (2)  exciter  engines  and  the  three  (3) 
condensers,  the  boiler  feed  pumps,  and  the  fire  pumps  will  be  collected 
and  led  to  a  1500-horse-power  open-type  feed-water  heater  located  in 
the  boiler  room.  This  heater  will  be  provided  with  an  exhaust  riser 
and  exhaust  head  extending  through  the  roof  of  the  boiler   house. 
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The  arrangement  of  the  auxiliary  exhaust  pipe  is  shown  en  drafting 
No. . 

Boiler  Feed  Water  Piping.  —  To  the  feed-water  heater  dftxm 
mentioned  a  2^-inch  supply  of  fresh  water  will  be  furnished.  The 
boiler  feed  pumps  will  draw  the  feed  water  from  the  heater  through  a 
6-inch  cast-iron  suction  pipe.  They  will  deliver  it  through  3-inch 
brass  pipes  to  two  (2)  hot-water  meters  equipped  with  by-passes  and 
thence  through  a  3-inch  brass  pipe  line  to  boilers.  A  reserve  wrought- 
iron  3-inch  feed  pipe  line  will  be  run  parallel  to  the  brass  feed  pipe 
line  and  so  connected  up  to  it  that  it  may  be  used  as  a  reserve  in  case 
of  accident  to  the  brass  line.  Connections  from  3-inch  lines  to  boilers 
will  be  2£-inch  brass  pipe. 

The  general  arrangement  of  the  feed  pipe,  including  gate  valves, 
check  valves,  sizes,  etc.,  is  shown  on  drawing  No. . 

Drip  Piping.  —  There  will  be  two  (2)  systems  of  drip  piping, 
including  traps,  trap  by-passes,  valves,  etc. 

The  high-pressure  system  comprises  all  the  drips  from  the  main 
steam  header,  separators,  and  high-pressure  steam  lines.  The  water 
from  these  traps  will  be  led  to  the  feed-water  heater,  drawing 
No. . 

The  low-pressure  system  comprises  all  the  drips  from  exhaust  mains, 
receivers,  and  cylinder  drain  cocks. 

This  water  will  be  led  to  a  catch-basin  from  whence  it  will  be 
pumped  by  a  tank  pump.  This  pump  will  be  furnished  by  the  pur- 
chaser, drawing  No.  . 

Blow-off  Pipes.  —  A  separate  and  distinct  wrought-iron,  2£-inch 
blow-off  pipe  will  be  run  from  the  blow-off  valve  of  each  of  the 
four  (4)  water-tube  boilers.  These  pipes  will  be  run  in  trenches  in 
the  boiler-room  floor  to  catch-basins  located  outside  of  building.  The 
purchaser  will  construct  the  trenches  and  catch-basins. 

1  rater  Piping.  —  The  purchaser  will  make  a  6-inch  connection  from 
the  city  main  to  the  northwest  corner  of  the  boiler  room.  From  this 
point  the  contractor  will  run  6-inch  cast-iron  pipe  to  the  inlet  of 
the  fire  pump.  From  this  lie  will  run  6-inch  pipe  to  the  several  fire 
hydrants.  He  will  connect  this  6-inch  line  with  the  injection  water 
main  with  a  5-inch  cast-iron  connection.  Near  the  fire  pump  he  will 
run  a  2*-inch  connect  ion  to  the  feed-water  heater.  The  pipe  around 
the  fire  pump  will  be  so  arranged  that  ordinarily  city  pressure  will  be 
maintained  on  the  water  system,  but  in  case  of  need  the  fire  pump  may 
I*  used  to  increase  this  pressure. 

This  piping  is  all  shown  on  drawing  No. . 

Troughi-Iron   Pipe.  —  All  wrought-iron  pipes  or  steam  lines  to  be 
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guaranteed  full-weight  lap-welded  wrought-iron  pipe,  in  accordance 
with  the  standard  dimensions  as  given  in  the  table  below.  But  the 
16-inch  headers  will  be  16  inches  O.D.,  15.04  inches  I.D.,  and  shall 
weigh  87  pounds  per  foot. 


Nominal  Internal. 

Actual  External. 

Actual  Internal. 

Nominal  Weight  per 
Foot. 

Inches. 

Inches. 

Inches. 

Pounds. 

1 

1.315 

1.048 

1.663 

U 

1.66 

1.38 

2.444 

li 

1.9 

1.611 

2.678 

2 

2.375 

2.067 

3.609 

2J 

2.875 

2.468 

5.739 

3 

3.5 

3.067 

7.536 

3} 

'   4 

3.548 

9.001 

4 

4.5 

4.026 

10.665 

4J 

5 

4.508 

12.34 

5 

5.563 

5.045 

14.502 

6 

6.624 

6.065 

18.762 

8 

8.625 

7.982 

28.35 

10 

.  10.75 

10.019 

40.065 

14 

15 

14.25 

57.893 

15 

16 

15.25 

71.77 

All  pipes  carrying  hot  water,  such  as  feed-water,  blow-offs,  and 
high-pressure  drip  pipes,  are  to  be  extra  heavy. 

All  lap-welded  pipe  shall  be  proved  to  500  pounds  pressure  per 
square  inch  before  shipment.  Butt-welded  pipe  shall  be  proved  to 
300  pounds  pressure  per  square  inch  before  shipment. 

Exhaust  pipes  are  to  be  wrought  iron  or  ste^l  in  every  case;  sizes 
8  inches  and  above  may  be  light  (XD.  tubing  with  flanges  peened 
or  expanded  on,  but  must  be  absolutely  tight  at  28  inches  vacuum. 
These  pipes  must  be  tested  to  25  pounds  hydrostatic  pressure  after 
erection. 

AU  high-pressure  wrought-iron  pipe  when  in  place  is  to  be  tested  at 
250  pounds  air  pressure,  and  must  be  good  for  a  working  pressure  of 
175  pounds.  All  high-pressure  steam  pipe  to  be  tested  after  erection 
at  175  pounds  steam  pressure,  to  the  satisfaction  of  the  engineer  in 
every  particular. 

Cast-iron  Pipe.  —  The  cast-iron  pipe  for  injection  and  discharge 
water  and  for  all  other  purposes,  as  shown  on  the  accompanying 
drawings,  shall  be  made  of  tough  gray  iron  not  less  than  f  inch  thick 
at  any  point,  free  from  blowholes,  true  to  pattern,  and  of  workman- 
like finish.  It  shall  be  tested  at  250  pounds  pressure  before  erection, 
and  when  in  place  shall  be  tested  to  25  pounds  hydrostatic  pressure. 

Cast-iron  pipes  inside  of  buildings  are  to  be  flanged  with  flanged 
fittings. 
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Outside  of  buildings  they  shall  be  bell  and  g; 
coated  with  tar  both  inside  and  outside. 

Valves. —  All  steam  valves  over  two  inches, 
will  l»e  gate  valves.  All  gate  valves  will  be  C 
equivalent. 

On  high-pressure  steam  lines,  valves  must  r 
movable  seats,  outside  screw  and  yoke,  and  by- 

On  exhaust  lines,  standard  pattern  gate  vaJ 
man  or  equivalent),  with  inside  screw. 

Globe  valves  on  high-pressure  steam  and  Wat 
make  or  equivalent. 

Free  exhaust  valves  will  be  either  Schutte's  i 

Exhaust  valves  lietween  engines  and  com 
valves  at  condensers,  as  well  as  priming  wate: 
stems  extended  and  fitted  with  floor  standi 
operated  from  floor  above.  Floor  stands  ni 
with  polished  hand  wheels  and  indicators. 

All  high-pressure  valves  will  be  tested  to 
engineer,  at  a  hydrostatic)  pressure  of  350  r. 
and  air  pressure  of  100  pounds  between  gate 

Standard  valves  for  exhaust  and  water  will  I 

Flanges  and  Fittings.  —  All  flanges  and  fi 
steam  lines  3  inches  and  over  will  be  ope 
These  fastings  must  be  perfectly  solid,  made  ft 
free  from  blowholes  or  other  defers.  They  n 
to  501)  pounds  hydrostatic  pressure,  and  gu: 
steam  pressure  of  175  pounds  per  square  ine 

The  diameter,  thickness,  and  drilling  of  flangi 
tin*  iliineii-ioiis  jiiven  in  (he  following  table. 
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Below  3  inches,  on  all  high-pressure  steam,  water,  or  drip  lines,  extra 
heavy  screwed  cast-iron  fittings  are  to  be  used,  with  sufficient  extra 
heavy  flange  unions,  so  that  any  section  of  pipe  can  be  readily  taken 
out  without  disturbing  the  balance. 

The  brass  boiler  feed  piping  will  be  made  up  with  extra  heavy  brass 
screwed  fittings  made  from  cast-iron  patterns. 

Pipe  will  be  iron  pipe  size. 

Brass  flange  unions  will  be  made  from  standard  cast-iron  patterns, 
and  a  sufficient  number  used  to  make  up  the  sections  readily. 
•     On  low-pressure  piping,  standard  fittings  and  flanges  are  to  be  used. 
Sizes  6  inches  and  above  are  to  be  flanged,  and  below  6  inches,  screwed, 
with  sufficient  number  of  flange  unions  in  same. 

All  high-pressure  flanges  are  to  be  recessed  on  face,  pipe  is  to  be 
screwed,  then  peened  up  tight,  and  must  stand  the  tests  given 
above. 

Standard  flanges  must  stand  the  tests  as  stated. 

All  bolt  holes  must  be  drilled  in  solid  metal;  no  cored  holes  will  be 
allowed. 

On  blow-off  lines,  long  sweep  fittings  are  to  be  used,  with  extra 
heavy  flange  unions. 

Gaskets  and  Bolts.  —  All  gaskets  on  high-pressure  steam  lines  must 
be  copper. 

On  exhaust  and  water  lines  metallic  gaskets  are  to  be  used. 

All  bolts  must  have  hexagonal  heads  and  nuts,  no  matter  what  size, 
points  to  be  finished  and  nuts  to  be  cold  punched. 

Pipe  Covering.  —  All  high-pressure  steam  lines,  separators,  and  all 
drip  lines  between  high-pressure  steam  lines  and  their  traps  will  be 
covered  with  an  approved  magnesia  pipe  covering.  All  fittings  will 
have  molded  magnesia  coverings  to  fit  them  neatly. 

Exhaust  Heads.  —  The  contractor  will  furnish  and  erect  two  (2) 
exhaust  heads,  one  on  the  free  exhaust  from  the  engines  and  the  other 
on  the  free  exhaust  from  the  feed-water  heater. 

Pipe  Supports.  —  There  will  be  furnished  and  erected  the  necessary 
wrought-iron  hangers  to  support  the  two  (2)  16-inch  headers  in  the 
boiler  room.  There  will  also  be  supplied  the  necessary  supports  for 
the  steam  mains  to  the  pumps  and  exciter  engines.  The  injection 
water  main  and  the  condenser  exhaust  header  will  be  hung  from  the 
engine  room  floor  beams.  The  free  exhaust  header  and  the  discharge 
water  main  will  be  supported  on  piers  and  saddles  from  the  cellar 
floor.     The  saddles  to  be  furnished  by  the  contractor. 

Separators.  —  The  contractor  will  furnish  and  erect,  as  shown  on 
drawing  No. ,  eleven  (11)  steam  separators. 
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Anchors,  —  All  live-steam  mains,  and  especially  the  16-inch  steaa 
headers  in  the  boiler  room,  will  be  anchored  so  as  to  secure  no  mo?* 
ment  (at  point  of  anchorage)  on  account  of  the  expansion  and  con- 
traction or  vibration.  Anchors  to  be  placed  where  needed  after  the 
rest  of  the  work  is  completed. 

Relief  Valves.  —  The  boiler-feed  and  fire  pumps  shall  be  fitted 
with  automatic  controlling  devices  so  that  a  certain  defLiite  maxi- 
mum pressure  may  be  maintained  on  the  feed- water  and  fire 
systems. 

Overflow  Pipes.  —  The  contractor  will  furnish  an  overflow  relief  valve 
for  the  fire  pump  and  will  connect  same  with  the  drain  outside  the  boiler 
house.  He  will  also  connect  the  blow-off  and  overflow  from  the  feed- 
water  heater  with  the  said  drain. 

Long  Radius  Bends.  —  Where  shown  on  the  drawings,  changes  in 
direction  of  pipe  runs  will  be  made  with  long  radius  bends.  These 
bends  will  be  of  wrought-iron  of  the  quality  described  above.  Nine 
inches  of  straight  pipe  will  be  left  on  the  ends  of  the  bends  to  cut 
necessary  threads. 

The  following  table  shows  the  minimum  radii  for  these  wrought-iron 
bends. 


S'.zp. 

Minimum  Radius. 

i 

Size. 

Maximum 

Radius. 

Inches. 

Inches. 

Inches. 

Feet. 

Incbc*. 

2 

4* 

1                  7 

3 

0 

2* 

6 

8 

3 

4 

3 

8 

9 

4 

0 

3* 

10 

10 

4 

4 

4 

14 

12 

5 

6 

4} 

16 

14 

7 

0 

5 

20 

16 

7 

6 

6 

24 

I-Benm  Supports. — The  contractor  will  furnish  and  erect  on  the 
top  chord  of  the  roof  trusses  in  the  boiler  room  a  sufficient  length  of 
I  beams  or  channels  from  which  he  will  hang  the  16-inch  headers. 
The  steam  connections  between  16-inch  header  and  the  engines  will  be 
supported  by  underneath  rod  trusses,  and  vibration  will  be  taken  up 
by  means  of  lateral  ties. 

Flange  Covering.  —  After  all  the  other  work  is  completed  and  the 
plant  has  been  in  operation  not   less  than  two   (2)   weeks,  the  con- 
tractor will  cover   all    flanges   and   other    joints    with    an   approved 
Hvngrvesia  covering. 
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Reducing  and  Relief  Valves.  —  The  contractor  will  furnish  and  erect 
two  (2)  reducing  valves  on  the  throttle  valves  of  the  low-pressure 
cylinders  of  the  750-horse-power  engines.  These  valves  will  be  of 
the  Kiely  type  or  equivalent. 

There  will  also  be  furnished  and  erected  the  necessary  traps  from 
the  receivers  between  the  high  and  low-pressure  cylinders. 

Check  Valves.  —  All  drip  lines  will  be  equipped  with  check  valves 
which  will  be  set  at  the  lowest  point  in  the  line.  Two  (2)  three-inch 
brass  checks  will  be  placed  on  the  boiler  feed  pump  outlets,  all  as 
shown  on  drawing  No. . 

The  outlet  of  the  boiler  feed  pumps  will  also  have  a  relief  valve 
which  will  return  the  water  to  the  feed- water  heater  in  case  the  pres- 
sure on  the  pump  outlet  should  rise  above  a  certain  definite  point. 

Traps.  —  All  traps  on  high-pressure  drip  lines  will  be  extra  heavy 
steam  traps. 

Painting.  —  All  pipes  shall  be  painted  with  two  (2)  coats  of  slate 
graphite  and  linseed  oil,  or  other  good  pipe  paint  satisfactory  to  the 
engineer. 

The  exhaust  and  condenser  piping  must  be  thoroughly  painted  twice 
under  vacuum. 

Damper  Regulator.  —  The  purchaser  will  furnish  the  damper  regu- 
lator, but  the  contractor  will  set  it  and  connect  it  with  both  steam 
headers,  water  supply,  and  damper. 

Shields.  —  Where  steam  mains  pass  through  the  partition  wall  of 
the  building  the  contractor  will  neatly  close  the  opening  with  a  sheet- 
metal  shield  so  as  to  prevent  dust  from  the  boiler  room  from  entering 
the  engine  room. 

Meters.  —  The  contractor  will  furnish   and  connect   as  shown   on 

drawing  No. two  (2)  3-inch  hot-water  meters,  approved  by  the 

engineer,  to  have  a  capacity  of  200  gallons  per  minute. 

Gauges.  —  The  purchaser  will  furnish  the  customary  gauges  and 
boards,  which  will  be  set  up  and  connected  by  the  contractor. 

Machinery.  —  The  purchaser  will  furnish  all  engines,  pumps,  con- 
densers, feed-water  heater,  boilers,  foundations,  but  the  contractor 
shall  connect  up  the  above  machinery  according  to  the  evident  intent 
and  meaning  of  this  specification. 

The  purchaser  will  not  furnish  any  pipe,  valves,  fittings,  pipe  cover- 
ing, etc.,  or  anything  connected  with  the  work  except  the  machinery 
mentioned  above. 
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480.   Government  Specification  and  Proposal  for  Supplying  CoaL 

U.  S.  Treasury  Department. 
United  States 


,  190.. 


PROPOSAL. 

1  Sealed  proposals  will  be  received  at  this  office  until  2  o'clock  p.  m, 

2     ,  190 . . ,  for  supplying  coal  to  the  United  States 

3     building  at 

4 as  follows: 

5     

6     

7     

8  The  quantity  of  coal  stated  above  is  based  upon  the  previous  annual 

9  consumption,  and  proposals  must  be  made  upon  the  basis  of  a  delivery  of 

10  10  per  cent  more  or  less  than  this  amount,  subject  to  the  actual  requirements 

11  of  the  service 

12  Proposals  must  be  made  on  this  form,  and  include  all  expenses  incident 

13  to  the  delivery  and  stowage  of  the  coal,  which  must  be  delivered  in  such 

14  quantities,  and  at  such  times  within  the  fiscal  year  ending  June  30, 190  , 

15  as  may  be  required. 

16  Proposals  must  be  accompanied  by  a  deposit  (certified  check,  when 

17  practicable,  in  favor  of ) 

18  amounting  to  10  per  cent  of  the  aggregate  amount  of  the  bid  submitted,  as 
10  a  guaranty  that  it  is  bona  fide.     Deposits  will  be  returned  to  unsuccessful 

20  bidders  immediately  after  award  has  been  made,  but  the  deposit  of  the 

21  successful  bidder  will  be  retained  until  after  the  coal   shall  have  been 

22  delivered,  and  final  settlement  made  therefor,  as  security  for  the  faithful 

23  performance  of  the  terms  of  the  contract,  with  the  understanding  that  the 

24  whole  or  a  part  thereof  may  be  used  to  liquidate  the  value  of  any  deficiencies 

25  in  quality  or  delivery  that  may  arise  under  the  terms  of  the  contract. 

26  When  the  amount  of  the  contract  exceeds  $10,000,  a  bond  may  be  exe- 

27  cuted  in  the  sum  of  25  j>er  cent  of  the  contract  amount,  and  in  this  case,  the 

28  deposit  or  certified  check  submitted  with  the  proposal  will  be  returned  after 

29  approval  of  the  bond. 

30  The  bids  will  be  opened  in  the  presence  of  the  bidders,  their  representa- 

31  tives,  or  such  of  them  as  may  attend,  at  the  time  and  place  above  specified. 

32  In  determining  the  award  of  the  contract,  consideration  will  be  given  to 

33  the  quality  of  the  coal  offered  by  the  bidder,  as  well  as  the  price  per  ton, 

34  and  should  it  appear  to  be  to  the  best  interests  of  the  Government  to 

35  award  the  contract  for  supplying  coal  at  a  price  higher  than  that  named  in 
3ft   lower  bid  or  bids  received,  the  award  will  be  so  made. 

3»      The  right  to  reject  any  or  all  bids  and  to  waive  defects  is  expressly 
*  '■■rrod  by  the  Government. 
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DESCRIPTION  OF  COAL  DESIRED.* 


39  Bids  are  desired  on  coal  described  as  follows: 

40  

41  •. 

42  

43  

44  

45 

46  

47  ' 

48 

49  

50  Coals  containing  more  than  the  following  percentages,  based  upon  dry 

51  coat,  will  not  be  considered: 

52  Ash per  cent. 

53  Volatile  matter per  cent. 

54  Sulphur per  cent. 

55  f  Dust  and  fine  coal  as  delivered  at  point  of  consumption per  cent. 

DELIVERY. 

56  The  coal  shall  be  delivered  in  such  quantities  and  at  such  times  as  the 

57  Government  may  direct. 

58  In  this  connection,  it  may  be  stated  that  all  the  available  storage  capacity 

59  of  the  coal  bunkers  will  be  placed  at  the  disposal  of  the  contractor  to 

60  facilitate  delivery  of  coal  under  favorable  conditions. 

61  After  verbal  or  written  notice  has  been  given  to  deliver  coal  under  this 

62  contract,  a  further  notice  may  be  served  in  writing  upon  the  contractor  to 

63  make  delivery  of  the  coal  so  ordered  within  twenty-four  hours  after  receipt 

64  of  said  second  notice. 

65  Should  the  contractor,  for  any  reason,  fail  to  comply  with  the  second 

66  request  the  Government  will  be  at  liberty  to  buy  coal  in  the  open  market, 

67  and  to  charge  against  the  contractor  any  excess  in  price  of  coal  so  purchased 

68  over  the  contract  price. 

SAMPLING. 

69  Samples  of  the  coal  delivered  will  be  taken  by  a  representative  of  the 

70  Government. 

71  In  all  cases  where  it  is  practicable,  the  coal  will  be  sampled  at  the  time 

*  Note. — This  information  will  be  given  by  the  Government  as  may  be  deter- 
mined by  boiler  and  furnace  equipment,  operating  conditions,  and  the  local  market. 

t  Note.  —  All  coal  which  will  pass  through  a  J-inch  round-hole  screen. 
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72  it  is  being  delivered  to  the  building.     In  case  of  small  deliveries!,  it  marl* 

73  necessary  to  take  these  samples  from  the  yards  or  bins.     The  suafl: 

74  taken  will  in  no  case  be  less  than  (he  total  of  one  hundred  (100)  pounds,  w 

75  be  select  ^d  proportionally  from  the  lumps  and  fine  coal,  in  order  that  n 

76  will  in  every  respect  truly  represent  the  quality  of  eoal  under  consider*- 

77  tion. 

7S  In  order  to  minimize  the  loss  in  the  original  moisture  contentt.be  poss 

79  sample  will  be  pulverized  as  rapidly  as  possible  until  none  of  the  fragmeriU 

SO  exceed  i  inch  in  diameter.     The  fine  coal  will  then  be  mixed  thoroughly 

81  and  divided  into  four  equal  parts.     Opposite  quarters  will  be  thrown  out, 

82  and  the  remaining  portions  thoroughly  mixed  and  again  quartered,  throw- 

83  ing  out  opposite  quarters  as  before.     This  process  will  be  continued  u 

84  rapidly  as  possible  until  the  final  sample  is  reduced  to  such  amount  thai  all 

85  of  the  final  sample  thus  obtained  will  be  contained  in  the  shipping  ran  w 

86  jar  and  sealed  air-tight. 

87  The  sample  will  then  be  forwarded  to  the  Chief  Clerk  of  the  Treasurr 

88  Department,  care  of  the  storekeeper. 

S9  If  desired  by  the  coal  contractor,  permission  will  be  given  to  him,  or  his 

90  representative,  to  be  present  and  witness  the  quartering  and  preparation  of 

01  the  final  sample  to  be  forwarded  to  the  Government  laboratories. 

92  Immediately  on  receipt  of  the  sample,  it  will  be  analyzed  and  tested  br 

93  the  Government,  following  the  method  adopted  by  the  American  Chemical 

94  Society,  and  using  a  bomb  calorimeter.     A  copy  of  the  result  will  be  majkd 

95  to  the  contractor  upou  the  completion  thereof. 


CAUSES    FOR    REJECTION. 

96  A  contract  entered  into  under  the  terms  of  this  specification  shall  n->t 

97  be  binding  if,  as  the  result  of  a  practical  service  test  of  reasonable  duratioo, 

98  the  coal  fails  to  give  satisfactory  results  due  to  excessive  clinkering,  orto 

99  a  prohibitive  amount  of  smoke. 

100  It  is  understood  that  the  coal  delivered  during  the  year  will  be  of  th* 

101  same  character  as  that  specified  by  the  contractor.     It  should,  therefor*, 

102  be  supplied,  as  nearly  as  possible,  from  the  same  mine  or  group  of  mina. 

103  Coal  containing  percentages  of  volatile  matter,  sulphur,  and  dust  higher 

104  than  the  limits  indicated  on  line  54,  and  coal  containing  a  percentspof 

105  ash  in  excess  of  the  maximum  limits  indicated  in  the  following  table  irill 

106  be  subject  to  rejection. 

107  In  the  rase  of  coal  which  has  been  delivered  and  used  for  trial,  or  which 

108  has  Ix-en  consumed  or  remains  on  the  premises  at  the  time  of  the  deter- 

109  initiation  of  its  quality,  payment  will  be  made  therefor  at  a  reduced  price 

110  computed  under  the  terms  of  this  specification. 

11 1  Occasional   deliveries  containing  ash  up  to  the  percentage  indicated  in 

112  the  column  of  "Maximum  limits  for  ash,"  on  page  700,  may  be  accem*! 
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113  Frequent  or  continued  failure  to  maintain  the  standard  established  by 

114  the  contractor,  however,  will  be  considered  sufficient  cause  for  cancellation 

115  of  the  contract. 

*  PRICE  AND  PAYMENT. 

116  Payment  will  be  made  on  the  basis  of  the  price  named  in  the  proposal 

117  for  the  coal  specified  therein,  corrected  for  variations  in  heating  value  and 

118  ash,  as  shown  by  analysis,  above  and  below  the  standard  established  by 

119  contractor  in  this  proposal.     For  example,  if  the  coal  contains  two  (2) 

120  per  cent,  more  or  less,  British  thermal  units  than  the  established  standard, 

121  the  price  will  be  increased  or  decreased  two  (2)  per  cent  accordingly. 

122  The  price  will  also  be  further  corrected  for  the  percentages  of  ash.     For 

123  all  coal  which  by  analysis  contains  less  ash  than  that  established  in  this 

124  proposal  a  premium  of  1  cent  per  ton  for  each  whole  per  cent  less  ash  will 

125  be  paid.     An  increase  in  the  ash  content  of  two  (2)  per  cent  over  the 

126  standard  established  by  contractor  will  be  tolerated  without  exacting  a 

127  penalty  for  the  excess  of  ash.    When  such  excess  exceeds  two  (2)  per  cent 

128  above  the  standard  established,  deductions  will  be  made  from  price  paid 

129  per  ton  in  accordance  with  following  table : 


Ash  as  estab- 
lished in 
proposal. 

No 
deduc- 
tion for 
limits 
below. 

Cents  per  ton  to  be  deducted. 

Maxi- 

2 

4 

7 

12 

18 

25 

35 

mum 

limits 

for 

Per 

centages 

of  ash  in 

dry  coal. 

ash. 

Per  cent. 
5 

7 
8 
9 

10 
11 
12 

13 
14 
15 
16 

17 
18 
19 
20 

7-  8 

8-  9 
9-10 

10-11 
11-12 
12-13 

13-14 
14-15 
15-16 
16-17 

17-18 
18-19 
19-20 
20-21 

8-  9 

9-10 

10-11 

11-12 
12-13 

ia-14 

14-15 
15-16 
16-17 
17-18 

18-19 
19-20 
20-21 
21-22 

9-10 
10-11 
11-12 

12-13 
13-14 
14-15 

15-16 
16-17 
17-18 
18-19 

10-11 
11-12 
12-13 

13-14 
14-15 
15-16 

11-12 
12-13 
13-14 

12-13 
13-14 
14-15 

15-16 
16-17 
17-18 

18-19 
19-20 
20-21 
21-22 

13-14 
14-15 
15-16 

16-17 
17-18 

12 

6 

13 

7 

14 

8 

14-15 
15-16 
16-17 

17-18 
18-19 
19-20 
20-21 

21-22 
22-23 

14 

9 

15 

10 

16 

11 

16-17 
17-18 
18-19 
19-20 

20-21 
21-22 
22-23 

16 

12 

17 

13 

18 

14 

19 

15 

19-20 
20-21 
21-22 
22-23 

19 

16 

20 

17 

21 

18 

22 

*  Note.  —  The  economic  value  of  a  fuel  is  affected  by  the  actual  amount  of  com- 
bustible matter  it  contains,  as  determined  by  its  heating  value  shown  in  British 
thermal  units  per  pound  of  fuel,  and  also  by  other  factors,  among  which  is  its  ash 
content.  The  ash  content  not  only  lowers  the  heating  value  and  decreases  the 
capacity  of  the  furnace,  but  also  materially  increases  the  cost  of  handling  the  coal, 
the  labor  of  firing,  and  the  cost  of  the  removal  of  ashes,  etc. 
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Proposals  to  receive  consideration  must  be  submitted  upon  thin  form  and  contm 
all  of  the  information  requested. 


,190 

The  undersigned  hereby  agree  to  furnish  to  the  U.  S 

building  at ,  the  coal  described,  in  tons 

of  2,240  pounds  each  and  in  quantity,  10  per  cent  more  or  less  than  that  stated 
on  page  697,  as  may  be  required  during  the  fiscal  year  ending  June  30,  190  , 
in  strict  accordance  with  this  specification;  the  coal  to  be  delivered  in  such 
quantities  and  at  such  times  as  the  Government  may  direct. 

Price  per  ton  (2,240  pounds) $ 

Commercial  name  of  the  coal   

Name  of  the  mine  or  mines 

Location  of  the  mine  or  mines 

Name  or  other  designation  of  the  coal  bed  or  vein 

Size  (indicate  information  which  will  apply)  — 

Unsized Lump Run  of  mine 

Round 

Screened,    through inch    and    over inch  -Square 

.Bar  screen. 
Data  to  establish  a  basis  for  payment: 

British  thermal  units  in  coal  as  delivered 

Ash  in  dry  coal  (Method  of  American  Chemical  Society) percent. 

It  is  important  that  the  ahove  information  does  not  establish  a  higher  standard  than  can  be 
actually  maintained  under  the  terms  of  the  contact;  and  in  this  connection  it  should  b*»  not*3 
that  the  small  samples  taken  from  the  mine  are  invariably  of  higher  quality  than  the  coal  actually 
delivered  therefrom.  It  is  evident,  therefore,  that  it  will  be  to  the  best  interests  of  the  contractor 
to  furnish  a  correct  description  with  averatre  values  of  the  coal  offered,  as  a  failure  to  maintain  the 
standard  established  by  contractor  will  result  in  deductions  from  the  contract  price,  and  m*j 
cause  a  cancellation  of  the  contract,  while  deliveries  of  a  coal  of  higher  grade  than  quoted  will  be 
paid  for  at  an  increased  price. 


|  Openings. 


Signature : 


Add  res 


ss 


l^ame  of  corporation,    

Name  of  president,   

Name  of  secretary,  

Under  what  law  (Stated  corporation  is  organized:, 


CHAPTER  XX. 

TYPICAL  CENTRAL  STATIONS. 
Steam  Turbines.  —  Alternating  Currents* 

Fisk  Street  Station.  —  The  Fisk  Street  Station  of  the  Commonwealth 
Edison  Company,  Chicago,  is  an  excellent  example  of  modern  central- 
station  practice.  The  present  (November,  1912)  rated  capacity  of 
the  plant  is  120,000  kilowatts,  though  space  is  available  for  a  consider- 
able increase.  The  station  is  located  on  the  banks  of  the  Chicago  River 
near  Fisk  and  Twenty-second  streets,  as  indicated  in  Fig.  593,  and  is 
about  one  and  one-half  miles  south  of  the  center  of  distribution  of  the 
present  load.  The  location  of  the  station  between  the  east  and  west 
slips  of  the  river  secures  an  unusual  advantage  in  the  location  of  the 
intake  and  discharge  tunnels,  and  the  extent  of  property  affords  ample 
storage  capacity  for  coal.  The  Chicago,  Burlington  &  Quincy  railway 
extends  into  the  property,  giving  excellent  facilities  for  the  transporta- 
tion of  coal,  ashes,  construction  materials,  and  machinery.  The  plant 
is  constructed  on  the  unit  basis,  each  turbine  and  generator  having 
its  own  boilers,  auxiliaries,  and  piping  system,  thus  permitting  any  unit 
to  be  shut  down  without  interfering  with  the  operation  of  the  rest  of 
the  system. 

Building.  —  The  main  building  rests  on  piles,  driven  to  hard  pan, 
capped  with  a  grillage  of  I-beams  and  concrete.  The  walls  are  of  red 
pressed  brick  trimmed  with  white  Bedford  stone.  The  windows  are 
25  feet  wide  and  32  feet  high,  the  sections  of  which  are  operated  by 
compressed  air.  Fig.  593a  gives  a  view  of  the  north  elevation.  Large 
skylights  afford  ample  light  and  ventilation.  The  entire  interior  wall 
surface  of  the  turbine  room  is  finished  with  white  enameled  brick 
trimmed  with  terra  cotta.  The  boiler-room  walls  have  an  eight-foot 
wainscoting  of  enameled  brick,  the  remainder  being  red  pressed  brick. 
The  floors  are  of  concrete,  that  in  the  turbine  room  being  covered  with 
two-inch  hexagonal  terra-cotta  tile.  The  roofs  are  of  Roebling  concrete. 
The  total  width  of  the  building  is  243  feet,  the  turbine  room  taking 
up  61  feet,  the  boiler  room  142  feet,  and  a  car  track  the  remainder. 
Two  motor-driven  cranes  span  the  turbine  room  and  run  the  full  length 
of  the  building.     A  five-ton  auxiliary  hoist  is  also  provided  on  the  main 
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cranes.     In  the  boiler  room  a  anal]  hand-power  crane  serves  each 
batteries  of  boilers. 

two 

S 
i   .- 

Coal  and  Ash   Handling.  —  An          ft 
interior   shed   extends    the  entire         f 
length  of  the  east  end  of  the  build-         H 
ing,  aa  indicated  in  Figs.  594  and          J 
595.     Coal  is  brought  in  on  cars      £j 
and   dumped  or  shoveled  into  a    £& 
track  hopper,  from  which  it  is  de-    ^R 
livered  to  the  overhead  bankers  by 
the  conveying  system.     A  crusher 
is  placed  between  the  track  hopper        / 
and  main  conveyor  to  be  used  in 
case  lump  coal  is  furnished.    These 
bunkers  have  a  capacity  of  1200 
tons   each,   sufficient    for   several 
days    run.      The    conveyors    are 
driven  by  a  15-norse-power  motor 
and  are  of  the  MeCaelin  pattern, 
endless    chain,    with    overlapping 
buckets,   each    bucket    having   a 
capacity  of  100  pounds.     The  con- 
veyors move  at  a  variable  speed 
giving  a  service  capacity  up  to  75 
tons  per  hour  for  each  unit.     A 
separate  conveyor  and  bunker  is 
installed  in  each  section  of  8  boilers. 
The   coal    bunkers   feed    through    • 
flexible  down  spouts  to  the  stoker 
magazines.     Underneath  the  front 
end   of  the  stoker   is  a  fine-coal 
hopper  which  collects  the  fine  coal 
falling    through    the    grate    and 
discharges    it    into   the   conveyor 
system,  as  in  Fig.  97.     The  ashes 
collect  in  the  ash  pit,  from  which 
they  are  dumped  into  the  conveyor 

1  >':irried  to  an  ash  bin  directly         1 
over  the  coal  track.    Illinois  screen- 
ings    furnish    the    greater    part  of 
tho-fuel.     Provision  is  also  made  for  outsi 

Boilers.  —  The  boiler  plant  is  divided 
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consisting  of  sixteen  500-horse-power  B.  A  W.  boilers  arranged  in  bat- 
teries of  eight  and  equipped  with  B.  &  W.  chain  grates.  The  settings 
are  installed  back  to  back,  as  illustrated  in  Fig.  595.  Each  boiler  has 
two  42-inch  steam  drums,  approximately  5000  square  feet  of  heating 
surface,  and  about  1000  square  feet  of  superheating  surface.  Steam 
is  generated  at  a  pressure  of  200  pounds  per  square  inch  with  super- 
heat of  150°  F.  The  ratio  of  water-heating  surface  to  grate  surface 
is  approximately  55  to  1,  and  the  ratio  of  the  total  heating  surface  to 
grate  surface  is  about  66  to  1.  The  grates  are  driven  by  Stokes  motors 
with  Krehbiel  oscillating  engines  held  in  reserve.  The  boilers  are  sup- 
ported by  reinforced  girders  of  the  main  building  structure.  A  gallery 
is  placed  in  front  of  the  settings,  8  feet  above  the  floor,  to  facilitate 
cleaning  of  tubes.  Galleries  are  also  placed  between  the  batteries  and 
on  top  of  them.  Spaces  of  5  feet  are  provided  between  the  sides  and 
rears  of  the  batteries,  and  18  feet  8  inches  in  front.  The  furnaces  are 
similar  to  the  one  illustrated  in  Fig.  97.  The  outside  of  the  setting  is 
finished  with  red  pressed  brick.  Each  drum  is  fitted  with  a  4£-inch  pop 
safety  valve.  The  superheater  is  also  fitted  with  a  pop  safety  valve. 
The  blow-off  main  is  4  inches  in  diameter  and  discharges  into  the  river. 
There  are  four  blow-off  connections  to  each  boiler,  each  being  provided 
with  a  blow-off  cock  and  an  angle  valve;  three  of  the  connections  are 
fitted  to  the  mud  drum  and  the  other  to  the  superheater  drain. 

Chimneys.  —  One  stack  is  provided  for  each  section  of  16  boilers. 
The  shaft  is  supported  by  the  steel  work  of  the  boiler  setting,  as  shown 
in  Fig.  596,  an  arrangement  which  commends  itself  where  space  is 
limited  and  real  estate  values  are  high.  The  stacks  for  all  units  are 
259  feet  6  inches  in  height  above  the  grate  surface,  and  are  18  feet  in 
internal  diameter.  The  lining  is  of  radial  fire  brick  and  varies  from 
4  inches  to  13  inches  in  thickness.  The  steel  sections  are  5  feet  high 
and  vary  in  thickness  from  f  inch  to  \  inch.  There  are  two  flues,  one 
32  feet  long  and  the  other  63  feet,  which  enter  the  stack  on  opposite 
sides. 

Turbines.  —  The  prime  movers  are  vertical  five-stage  Curtis  turbines 
with  base  condenser  and  are  rated  at  12,000  kilowatts  each.  The  normal 
speed  is  750  r.p.m.  The  average  steam  consumption,  including  all 
auxiliaries,  is  approximately  15  pounds  per  kilowatt  hour,  corresponding 
to  a  coal  consumption  of  3  pounds  per  kilowatt  hour  (Illinois  screenings, 
10,400  H.t.u.  per  pound).  Special  tests  have  shown  as  low  as  12.8 
pounds  per  kilowatt  hour,  initial  pressure  200  pounds  gauge,  150  de- 
grees superheat,  absolute  back  pressure  \  inch  of  mercury.  Each  pair 
of  units  has  a  pair  of  duplicate  pumps,  an  accumulator,  and  a  storage 
tank  for  supplying  oil,  the  step-bearing  pressure  being  maintained  at 
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superheater  blow-off  main.    All  branches  or  feeders  are  drained  ud 
discharged  into  the  superheater  blow-off. 

Condensers  and  Auxiliaries*  —  Each  unit  has  its  own  condensing  appa- 
ratus, feed-water  heater,  hot  well,  and  feed  pumps.  The  condensers 
are  of  the  Worthington  "base"  type  with  25,000  square  feet  of  cooling 
surface  each,  composed  of  5900-6000 1-inch  tubes  16  feet  long.  Cooling 
water  is  taken 'from  the  east  slip  through  concrete  tunnels  and  is  dis- 
charged from  the  condenser  into  similar  tunnels  which  empty  into  the 
west  slip.     (See  Fig.  593.) 

The  dry  vacuum  pumps  are  of  the  rotative  type,  with  cylinders 
26  X  24,  r.p.m.  100-120,  and  are  driven  by  a  150-horse-power  Corlis 
engine. 

The  circulating  pumps  are  of  the  volute  single-stage  centrifugal  type 
and  are  mounted  on  an  extension  of  the  main  shaft  of  the  engine  driving 
the  dry  vacuum  pump.    They  are  rated  at  22,500  gallons  per  minute  each. 

The  hot-well  pumps  are  of  the  two-stage  centrifugal  type,  driven  by 
20-horse-power  direct-current  motors. 

The  feed  pumps  are  of  the  Dean  vertical  single-cylinder  pattern  and 
are  installed  in  duplicate  for  each  unit.  The  steam  cylinders  are  24 
inches  in  diameter,  water  cylinders  14  inches  in  diameter,  and  common 
stroke  24  inches.  Feed  water  is  pumped  from  the  hot  well  at  a  tempera- 
ture of  about  100°  F.  and  is  forced  through  closed  heaters  having  3000 
square  feet  of  heating  surface,  and  its  temperature  is  raised  to  ISO 
degrees.  The  heater  receives  the  steam  exhausted  from  the  steam- 
driven  auxiliaries. 

From  the  pumps  this  water  is  forced  through  a  5-inch  feed  main  to  the 
different  boilers  in  the  section.  The  branches  from  main  to  boiler  drum 
are  3  inches  in  diameter  and  fitted  with  an  angle  stop  valve,  a  regrind- 
ing  check  and  a  gate  regulating  valve.  A  combination  stop  and  check 
valve  is  placed  at  the  drum.  There  is  a  5-inch  auxiliary  main  which 
supplies  cold  water  to  the  boiler  in  case  the  main  header  is  shut  down. 

Miscellaneous.  —  The  work  is  divided  into  eight-hour  shifts.  The 
list  of  operating  men  per  unit  is  as  follows: 

In  turbine  room,  including  janitor  work 1.0 

In  oil  room 1.0 

Attending  water 0.5 

Fireman 1.0 

Fireman's  helper 0.5 

Conveyor  men \ 1.0 

Turbine  switchboard  gallery 0.3 

Exciter  tenders .# 0.2 

Switchhouse  attendants 0.2 
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Drains  and  drips  from  the  auxiliaries  empty  into  sumps  from  win* 
they  are  discharged  by  Yeoman's  bilge  pumps  into  the  discharge  tunuL 

A  steam-driven  house  pump  is  located  in  the  basement. 

The  fire-protection  system  includes  a  220-horse-power  motor-dirai 
spherical  pump  located  in  the  basement  and  a  connection  for  a  fire  tag. 

Dining  room ,  reading  room,  shower  and  tub  baths,  and  sleeping  room 
for  emergencies  are  provided  for  the  employees. 

Quarry  Street  Station.  —  Figs.  597  to  599  give  general  views  of  the 
Quarry  Street  Station,  which  is  located  directly  across  the  river  Iron 
the  Fisk  Street  Station. .  The  two  stations  are  distinct;  a  breakdown 
in  one  would  not  affect  the  other;  nevertheless,  they  are  operated  to-, 
gether.  That  is,  there  is  one  chief  engineer  for  the  two,  and  the  eo 
bined  station  force  of  500  men  can  be  shifted  from  one  to  the  other  u 
needed. 

The  general  layout  of  the  Quarry  Street  Station  differs  from  that  of 
the  Fisk  Street  Station  on  account  of  real-estate  limitations.  The 
boilers  are  in  two  parallel  rows  instead  of  the  equipment  for  each  unit 
extending  at  right  angles  to  the  turbine  room  as  at  Fisk. 

The  station  contains  six  14,000-kilowatt  Curtis  turbo-alternatora,  ttp^ 
steam  for  each  unit  being  supplied  by  eight  500-horse-power  B.  ft  IE' 
boilers  arranged  as  shown  in  Fig.  597.  A  5000-kilowatt  motor-generator 
set  is  also  included  in  the  equipment.  Steam  is  generated  at  225  pounds 
gauge  pressure  and  150-175  degrees  superheat.  The  settings  for  the 
first  two  units  are  similar  to  that  illustrated  in  Fig.  99,  and  the  other 
similar  to  the  one  illustrated  in  Fig.  100. 

A  novel  system  of  ventilation  enables  the  generators  to  be  operated 
continuously  at  full  load.  As  will  be  seen  from  Fig.  598  air  ducts  lead 
from  an  outside  intake  to  the  top  of  each  unit,  the  revolving  portion  of 
the  generator  being  designed  to  draw  in  a  continuous  supply  of  air  and 
discharge  it  through  openings  in  the  turbine  casing. 

Everything  is  in  duplicate,  so  that  the  chance  of  breakdown  is  remote 
Each  unit  is  equipped  with  a  volute  centrifugal  pump  driven  by  a  125- 
horse-power  Corliss  engine.  The  water  of  condensation  is  removed 
from  the  condensers  by  hot-well  pumps  driven  by  Kerr  steam  turbines, 
one  for  each  unit.  For  each  two  units  of  turbines  and  boilers  three 
boiler  feed  pumps  are  provided,  two  centrifugal  and  one  reciprocating, 
all  of  them  located  between  the  turbines.  There  are  also  four  step- 
bearing  oil  pumps,  two  oil  accumulators,  dry-air  pumps,  oil  filters,  etc. 
All  arc  in  plain  view  of  the  turbine-room  operating  force. 

For  the  six  units  there  are  five  150-kilowatt  exciters,  three  driven  by 
horizontal  Curtis  steam  turbines  and  two  by  induction  motors.  In 
addition  there  is  an  excitation  storage  battery  of  70  cells  in  the  base- 
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ment.    Furthermore,  in  an  emergency,  50&-k3owatt  rotary  com 
of  the  substation  could  be  used  for  excitation. 

Hflrtliwtft  gtettatts.—  Two  new  stations  of  120,000-kilowatt  r 
capacity  each  are  to  be  installed  on  the  north  branch  of  the  Chi 
River  near  Roscoe  Street  and  Calif ornia  Avenue.  Each  station  is  1 
equipped  with  six  20,000-kilowatt  Curtis  turbo-generators,  2300- 
25-cycle,  three-phase,  750-r.pjn.,  similar  to  those  installed  at  Qd 
Street.  The  first  two  units  for  one  station  are  now  in  operation  ] 
unit  is  supplied  with  steam  at  250  pounds  gauge  pressure  and 
degrees  superheat  from'  ten  500-horse-power  B.  A  W.  boilers, 
boiler  settings  are  similar  to  the  one  illustrated  in  Fig.  100. 
general  layout  is  the  same  as  at  Fisk,  the  boiler  lanes  extendi 
right  angles  to  the  turbine  room.  There  is  one  chimney  17  feeti 
diameter  and  250  feet  in  height  for  every  ten  boilers. 

The  present  capacity  (November,  1912)  of  the  Commonwealth 
son  Company  is  about  280,000  kilowatts,  divided  as  follows: 


Unit* 


Fisk 

Quarry 

Northwest  No.  1. . . . 

Northwest  No.  2. 

Miscellaneous  Plants 


10-12,000 

6-14,000 
0-20,000 
6-20,000 


120,000 
84,000 
40,000 


36,000 
280,000 


170, 

84, 
120 
120 

36 

530 


•  2-25,000-kilowatt  Parsons  turbines  are  now  being  added  to  the  present  equipment. 


COMPARATIVE  BOILER  ROOM  AND  ENGINE 

ROOM  AREAS. 

Fisk. 

Quarry. 

Nori 

Boiler  room,  sq.  ft.  per  kw 

Engine  room,  sq.  ft.  per  kw 

0.51 
0.24 
0.75 

0. 

0.18 

o 

0. 

Fur  a  detailed  description  of  the  Northwest  Station,  consult  Practical  Engineer,  U.  S., 

1913,  p.  109. 


CHAPTER  XXI. 

A  TYPICAL  MODERN  ISOLATED  STATION.* 
Bleeder  Turbines  and  Condenser  System. 

The  new  power  plant  of  the  W.  H.  McElwain  Company  at  Man- 
chester, N.  H.,  is  an  excellent  example  of  current  practice  in  generation 
*>f  power  by  steam  for  industrial  purposes. 

General  Arrangement.  —  General  arrangement  of  the  boiler  and 
engine  rooms  is  shown  in  plan  in  Fig.  601.  At  the  present  time  there 
have  been  installed  three  300-horse-powcr  water-tube  boilers  and  one 
1000-kilowatt  turbo-generator  outfit.  The  boiler  room  contains  suffi- 
cient space  for  a  fourth  300-horsc-power  unit,  as  indicated  by  dotted 
lines.  The  completed  plant  will  include  duplicates  of  the  two  batteries 
shown,  making  a  total  of  2400  horse  power.  The  future  boilers  will 
face  those  already  installed,  the  building  being  extended  for  this  pur- 
pose, and  the  firing  space  shown  will  be  common  to  both  sections. 

The  chimney,  which  is  176  feet  in  height,  with  a  flue  9  feet  in  diam- 
eter, is  designed  with  reference  to  the  final  capacity  of  the  plant.  In 
the  engine  room,  at  the  right,  is  shown  space  for  two  additional  generating 
units,  which  provide  for  an  ultimate  capacity  of  3000  kilowatts.  Sec- 
tional elevations,  showing  the  boilers,  turbines,  and  the  various  auxiliary 
equipment  and  their  connections,  are  illustrated  in  Figs.  600, 602,  and  603. 

Boilers.  —  Present  equipment  consists  of  three  Babcock  and  Wilcox 
water-tube  boilers,  each  containing  2972  square  feet  of  heating  surface 
and  about  50  square  feet  of  grate  surface.  The  heating  surface  is  made 
up  of  two  steam  drums,  tubes,  and  mud  drum,  and  a  superheater  of  the 
form  shown  in  Fig.  602. 

Each  boiler  contains  144  4-inch  tubes,  18  feet  in  length,  made  up  in 
12  sections  of  12  tubes  each,  and  2  steam  drums,  3  feet  in  diameter  by 
20  feet  4  inches  in  length.  The  superheaters  each  contain  approxi- 
mately 372  square  feet  of  surface,  which  is  12|  per  cent  of  the  heating 
surface  of  the  boiler,  and  are  designed  to  give  100  degrees  superheat 
when  the  boilers  are  operated  at  their  normal  rating  of  300  horse  power. 
The  proportions  of  all  parts  are  designed  for  a  working  pressure  of  160 
pounds  per  square  inch  and  the  safety  valves  are  set  at  that  point. 

*  From  the  Practical  Engineer,  Chicago,  July  1,  1912. 
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Each  boiler  is  provided  with  a  water  column  fitted  with  high  andlaBt" 
water  alarm,  try  cocks,  and  gauge  glass  with  special  device  for  shuttafl^ 
off  in  case  of  breakage.     Also  3£-inch  lock  pop-safety  valve,  and  1! 
steam  gauge  reading  to  300  pounds  pressure.     The  feed  pipes  are  li 
inches  in  diameter,  provided  with  both  check  and  gate  valves,  the  lite  j 
having  special   extension  handles.    The  blow-off  connections  are  ol' 
2£-inch  extra  heavy  pipe,  and  are  each  provided  with  two  blow-of 
valves  of  special  design. 

Boiler  settings  are  of  hard-burned  brick,  laid  in  cement  mortar, 
consisting  of  1  part  cement  to  3  of  sand,  up  to  the  level  of  the  grates, 
and  in  lime  mortar  above  that  point.  All  parts  of  the  furnaces  and 
setting  exposed  to  the  fire  are  lined  with  firebrick  laid  in  fire  clay.  Ik 
furnaces  are  of  the  "Dutch  oven"  type  as  shown  in  Fig.  602. 

Smoke  Connections.  —  Location  of  the  main  smoke  flue  is  best 
shown  in  Fig.  601.  It  is  4  feet  9  inches  by  7  feet  6  inches  in  size  and 
constructed  of  No.  10  black  iron.  It  is  stiffened  with  angle-iron 
braces  and  supported  from  the  roof.  The  uptake  from  each  boikr 
is  provided  with  an  adjusting  damper  for  hand  manipulation  from 
the  floor  level. 

A  balanced  damper  is  located  in  the  main  flue  at  the  point  indicated, 
and  operated  by  an  automatic  regulator  of  the  hydraulic  type.  An 
interesting  detail  in  connection  with  this  work  is  the  method  of  attach- 
ing the  covering  to  the  lower  side  of  the  flue  so  that  it  will  not  sag  or 
peel  oil.  This  consists  of  cross  pieces  of  1-inch  tee-bars  placed  24  inches 
apart  and  riveted  to  the  flue.  The  projecting  flanges  of  these  bar?  are 
drilled  at  frequent  intervals  and  wires  strung  through,  to  which  the 
covering  is  attached. 

Handling  of  Fuel  and  Ash.  —  Coal  is  brought  to  the  fire  room  by 
cars  running  on  a  special  track  as  shown  in  Fig.  601.  This  track  passes 
over  platform  scales  just  inside  the  building,  where  each  load  may  be 
weighed  as  it  is  brought  in.  The  track  is  double  within  the  fire  room 
so  that  the  cars  may  pass,  and  also  to  furnish  storage  space  for  both 
coal  and  ash  cars  when  so  desired. 

The  arrangement  for  the  removal  of  ash  is  best  shown  in  Figs.  601 
and  602.  A  dumping  chute  is  provided  in  the  bottom  of  each  ashpit 
and  at  such  an  elevation  that  a  car  may  be  run  underneath  it  as  indi- 
cated. When  filled,  they  are  pushed  to  the  ash  lift  (see  Fig.  601)  where 
they  are  raised  to  the  boiler-room  level  and  run  out  on  the  coal  track 
lor  disposal.  Combustible  waste  from  the  factory  is  brought  through 
&  3*>4nch  pipe  to  a  collector  placed  in  the  upper  part  of  the  boiler 

tvju*,  2lb  shown  in    Fig.   602,   and   fed   into   the   furaftces   as  there 
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Turbine  and  Generator.  —  The  turbo-generator  unit  is  one  of  the 
estinghouse  make,  of  1000- kilo  watt  capacity,  and  equipped  with  an 
■fcomatic  bleeder  connection  and  constant-pressure  valve.     It  is  6  feet 


inches  in  width  by  24  feet  8  inches  in  length  and  weighs  approxi- 
mately 79,000  pounds.  It  is  of  the  regular  West ingho use- Parsons  type, 
he  most  interesting  feature  being  the  bleeder  attachment  which  adapts 
;  for  use  in  combined  power  and  heating  plants.  An  important  re- 
uirement  for  the  economical  operation  of  the  ordinary  steam  turbine 
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is  the  maintenance  of  a  high  vacuum  at  the  exhaust  end,  which, 
course,  prevents  the  utilization  of  exhaust  steam  for  heating  purposeL  i 

The  capacity  of  the  turbine  under  different  conditions  is  as  follow: 
With  a  throttle  pressure  of  150  pounds  per  square  inch  (gauge),  a ' 
of  28  inches,  100  degrees  superheat,  and  a  speed  of  3600  r.p.rn.,  tiw 
normal  capacity  when  condensing  is  1500  b.h.p.  and  the  masanuai 
2250  b.h.p.  When  running  non-condensing  with  a  back  pressure  do! 
exceeding  that  of  the  atmosphere,  the  maximum  capacity  is  1500  h.Lp. 

It  is  interesting  to  note  the  probable  steam  economy  of  a  turbint  uf 
this  type  when  operating  under  varying  loads,  as  expressed  in  ibe 
guarantee  placed  upon  this  machine,  which  is  as  follows:  When  operat- 
ing under  the  above  conditions,  in  connection  with  the  generator 
attached,  the  steam  consumption  per  hour,  including  all  leakage  and 
loss  with  the  turbine,  shall  not  exceed  the  quantities  given  below: 


Load, 

Power  Faelor. 

Kilowatt*. 

Kilowatt- Hour, 

150 

80 

1500 

18  8 

125 

SO 

1250 

18.3 

100 

80 

1000 

17. B 

75 

SO 

750 

18.8 

50 

SO 

500 

20.7 

When  operating  under  the  same  general  conditions,  with  3  pounds 
gauge  pressure  at  the  bleeder  connection,  the  steam  consumption 
per  hour  shall  not  exceed  the  following  at  the  loads  indicated,  when 
withdrawing  the  following  amounts  of  steam  through  the  bleeder 
connection : 


Pountta  at  Stwun 

Strain  Id  C«dBDK. 

Load. 

To  Throttle. 

ToB^o, 

Tot«l. 

Kilmrvu. 

IfiO 

1500 

*  38.000 

18,600 

10,400 

139 

31,000 

10,000 

21,000 

HO 

121)5 

38,000 

22,000 

10,000 

30.300 

20.000 

16.300 

12.0 

29,200 

10,000 

1(1,200 

15.2 

1000 

37,200 

30,000 

7,200 

7.2 

30.000 

20,000 

10,000 

10.0 

24,400 

10,000 

14,400 

14  1 

716 

30,500 

30,000 

500 

0.7 

25,000 

20,000 

5,600 

7.8 

20,200 

10,000 

10,200 

14.2 

469 

21,700 

21,700 

0 

O.O 

20,600 

20,000 

600 

1.3 

16,000 

10,000 

6,000 
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Generator.  —  The  generator  is  of  the  revolving-field  type  with 
inclosed  frame,  generating  a  3-phase,  60-cycle,  alternating  current  of 
600  volts.  The  efficiency  rating,  with  a  power  factor  of  100  per  cent, 
is  as  follows: 


Load. 
Per  Cent. 

Efficiency, 
Per  Cent. 

Load, 
Per  Cent. 

Efficiency, 
Per  Cent. 

50 

75 

100 

90.10 
93.00 
94.50 

125 
150 

95.50 
95.75 

Temperature  rise  based  on  its  normal  rating  and  a  power  factor  of 
80  per  cent,  for  periods  of  different  length  and  for  various  loads,  is  given 
below:  * 


Load, 
Per  Cent. 

Length  of  Run, 
Hours. 

Temperature  Riae, 
Armature. 

Dees.  F.,  Field. 

100 
125 
150 

24 

24 

1 

72 

90 

108 

72 

90 

108 

The  maximum  conditions  of  continuous  operation  with  a  power  factor 
of  80  per  cent  and  for  a  room  temperature  of  77  degrees  F.  are  as  follows: 
Output,  1250  kilowatts  (25  per  cent  overload).     Rise  in  temperature: 

Armature,  90  degrees  F. 
Field,  90  degrees  F. 

Maximum  temperature  to  which  insulation  can  be  subjected  without 

injury: 

Armature,  194  degrees  F. 

Field,  302  degrees  F. 

There  are  two  exciters  provided,  one  being  turbine  driven  and  having 
a  normal  capacity  of  25  kilowatts;  the  other  motor  driven,  with  a 
capacity  of  40  kilowatts.  The  turbine  is  of  the  Westinghouse  make, 
horizontal  type,  with  a  normal  capacity  of  38  b.h.p.  at  a  speed  of  3500 
r.p.m.  when  running  non-condensing,  and  a  continuous  overload  capac- 
ity of  25  per  cent.  The  steam  requirements  for  this  machine  as  re- 
gards temperature  and  pressure  are  the  same  as  for  the  main  turbine. 

The  exciter  is  a  direct-current  machine  with  shunt  winding,  generat- 
ing a  current  of  125  volts  at  full  load. 

Condensing  Apparatus.  —  In  connection  with  the  main  turbine  a 
Westinghouse-LeBlanc  jet  condenser  is  used,  and  is  shown  in  elevation 
in  Figs.  602  and  603.     This  is  designed  to  operate  under  a  normal  lift 
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of  18  feet  and  takes  its  water  supply  from  the  intake  tunnel  as  shown. 
WTien  using  injection  water  at  a  temperature  of  70  degrees  F.  the  fol- 
lowing results  are  guaranteed,  with  a  water  consumption  not  exceeding 
724,000  pounds  per  hour: 


Steam  Condensed 

per  Hour, 

Pounds. 

i 

Vacuum  Main- 
tained, Inches 
(Barometer,  30  Ins.) 

Steam  Condensed 

per  Hour, 

Pounds. 

Vacuum  Main- 
tained, Inches 
(Barometer,  30  Ins.) 

10,350 
14,100 
18.000 

28.65 
28.44 
28.17 

19,950 
22,900 
30,000 

28.00 
27.80 
27.11 

The  vacuum  air  pump  is  of  the  turbine  type  and  is  mounted  upon 
the  same  shaft  with  the  centrifugal  ejector  pump,  both  being  driven  by 
a  steam  turbine  of  41  b.h.p.  running  at  1500  r.p.m.  under  an  atmos- 
pheric exhaust  pressure.  This  piece  of  apparatus  is  shown  at  the  base 
of  the  condenser  in  Figs.  602  and  603. 

High-pressure  Piping  System.  —  This  includes  all  high-pressure  piping 
in  the  boiler  and  engine  rooms  for  the  supply  of  turbines,  pumps,  etc., 
and  for  the  supplementary  supply  to  the  heating  system  as  may  be 
needed.  Pipe  used  for  this  purpose  is  full  weight,  wrought  iron  being 
used  for  sizes  below  6  inches  and  open-hearth  steel  for  larger  sizes. 
The  main  drum  at  the  rear  of  the  boilers  is  of  gun  metal  with  nozzles 
cast  in  place.  Expansion  is  provided  for,  so  far  as  possible,  by  the  use 
of  sweep  pipe  bends  and  fittings  of  the  long-turn  pattern,  all  2 \  -inch 
and  larger  fittings  being  of  this  design  with  flange  joints.  The  high- 
pressure  connections  are  shown  in  Figs.  601,  602,  and  604.  Starting 
at  the  boilers  (Fig.  602),  6-inch  leads  are  carried  to  a  12-inch  drum 
supported  on  low  piers  and  rolls  at  the  rear  of  the  boilers.  From  here 
a  6-inch  branch  leads  to  the  main  turbine,  and  two  branches  of  the  same 
size  to  a  6-inch  auxiliary  main,  running  beneath  the  engine-room  floor, 
near  to,  and  parallel  with,  the  boiler-room  wall.  From  this  auxiliary 
main  are  taken  the  supplies  to  the  various  minor  turbines  and  pumps, 
and  also  the  branches  leading  to  the  low  and  intermediate-pressure 
system  through  reducing  valves.  The  main  drum  is  divided  into  two 
sections  by  means  of  a  valve  at  the  center,  and  each  of  these  sections 
is  connected  with  the  auxiliary  drum  as  shown  in  Figs.  600  and  604. 
The  supplies  to  the  various  pumps  are  easily  traced  from  Fig.  604,  also 
the  connections  with  the  18-inch  heating  main  and  the  intermediate- 
pressure  line,  leading  to  the  factory  through  the  tunnel  leaving  the 
building  as  indicated  in  the  upper  right-hand  corner  of  the  drawing. 

Exhaust  System.  —  All  low  and  intermediate  pressure  piping  is  full 
weight,  sizes  up  to,  and  including,  12-inch  being  of  wrought  iron,  while 
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open-hearth  steel  is  employed  for  the  larger  sizes.  Standard-weight  fit- 
tings are  used  for  this  work,  those  6  inches  and  over  being  of  the  long- 
turn  pattern.  Flange  joints  are  provided  on  all  piping  2\  inches  and 
larger  in  diameter,  the  same  as  for  high-pressure  work.  The  exhaust 
piping  is  most  clearly  shown  in  Figs.  602,  603,  and  604.  Referring  to 
Fig.  604  the  18-inch  exhaust  from  the  main  turbine  is  shown  as  leading: 
i  through  a  back-pressure  valve  into  a  30-inch  outboard  line  designed  for 
the  completed  plant.  This  is  clearly  shown  in  elevation  in  Fig.  603. 
An  8-inch  auxiliary  exhaust  connecting  with  the  various  pumps  is 
shown  in  Fig.  603,  parallel  with,  and  below,  the  auxiliary  high-pressure 
main  already  described.  Steam  from  this  enters  the  heating  system 
through  an  oil  separator.  The  12-inch  bleeder  connection  from  the 
turbine  leads  to  the  18-inch  heating  main  and  is  shown  in  the  same 
drawing,  although  more  clearly  in  Fig.  604. 

Drainage. — The  blow-off  main  from  the  boilers  is  carried  directly  to 
the  river  through  a  4-inch  cast-iron  pipe.  Drips  from  high-pressure 
piping  are  trapped  to  the  main  receiving  tank  and  pumped  back  to  the 
boilers.  Exhaust  drips,  and  all  condensation  containing  oil,  are  trapped 
to  a  cast-iron  sump  tank  located  in  the  condenserjnt,  and,  together 
with  other  drainage,  are  discharged  by  means  of  a  water  ejector. 

Water  Supply,  Feed  Piping,  etc.  —  Water  for  condensing  and  fire 
purposes  is  brought  from  the  river  through  a  cement  conduit,  a  section 
of  this,  together  with  the  15-inch  suction  to  the  condenser,  being  shown 
in  Figs.  602  and  603.  The  discharge  from  the  condenser  pump  is  into 
an  18-inch  pipe  leading  to  the  river  and  shown  in  section  in  Fig.  602. 
Water  pressure  for  fire  protection  is  furnished  by  an  18  by  10  by  12-inch 
Underwriters'  fire  pump  of  1000  gallons  capacity,  placed  in  the  con- 
denser pit;  this  is  shown  in  elevation  in  Fig.  603  and  in  plan  in  Fig.  604 
and  takes  its  supply  from  the  intake  tunnel  as  there  shown. 

The  house  tank  and  boilers  have  two  sources  of  supply,  one  directly 
from  the  city  mains  and  the  other  from  the  intake  tunnel.  There  is 
also  a  tank  arrangement  whereby  water  may  be  drawn  from  the  dis- 
charge pipe  of  the  condenser  pump. 

These  various  lines  are  shown  in  Fig.  605.  A  6-inch  connection  from 
the  city  main  enters  as  shown  at  the  upper  part  of  the  drawing,  toward 
the  left,  and,  after  passing  through  a  meter,  branches  are  carried  to  the 
house  tank,  the  receiving  tank,  the  boilers,  and  to  the  priming  pipes  of 
the  condenser  and  vacuum  pumps. 

The  second  source  of  supply,  that  from  the  intake  tunnel,  requires 
the  use  of  two  turbine-driven  house  pumps  of  the  one-stage  turbine 
type,  located  in  the  condenser  pit  as  shown  in  Fig.  605.  These 
pumps  each  have  a  capacity  of  200  gallons  per  minute  against  a  hea*1 


Fig.  605.      Plan  ol  Condenser  Piping- 

or  from  the  turbine  house  pumps.  The  other  supply  is  from  a  pair 
of  boiler  feed  pumps  connecting  with  a  receiving  tank  located  in  the 
boiler  room  as  shown.  The  feed  pumps,  two  in  number,  are  of  the 
duplex,  outside  packed,  pot-valve  type,  8  by  5  by  10  inches  in  size. 
The  tank  is  4  feet  in  diameter  by  6  feet  in  length,  of  f-inch  iron  plate, 
and  is  connected  with  both  city  pressure  and  the  house  pumps.  Under 
ordinary  working  condition;;  the  feed  supply  is  first  discharged  into  the 
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tank  and  then  pumped  to  the  boilers  through  a  heater  of  1000-horse- 
power  capacity  located  as  shown  in  the  drawing. 

Heating  System.  —  Factory  buildings  are  heated  by  direct  radiation 
in  the  form  of  coils  and  cast-iron  radiators  as  best  suited  to  local  con- 
ditions. The  Webster  system  of  circulation  is  employed,  a  pair  of 
6  by  10  by  12-inch  single-piston  vacuum  pumps  being  connected  with 
the  main  return  as  shown  in  Fig.  605.  These  discharge  into  the  receiv- 
ing tank  in  the  boiler  room,  and  the  condensation  is  pumped  back  to 
the  boilers  with  the  fresh  feed. 

Steam  supply  for  the  radiation  has  already  been  mentioned,  coming 
principally  through  the  bleeder  connection  from  the  main  turbine, 
supplemented,  when  necessary,  by  live  steam  through  a  reducing  valve. 

Insulation.  —  In  general,  tanks,  heaters,  etc.,  are  covered  with  85 
per  cent  magnesia  blocks,  finished  with  a  plastic  coat  of  the  same 
material,  the  total  thickness  of  the  covering,  when  finished,  being  2 
inches.  In  addition  to  this,  tanks  and  heater  are  provided  with  a 
covering  of  7-ounce  canvas.  The  insulation  on  that  portion  of  the 
smoke  pipe  which  comes  outside  of  the  building  is  protected  by  a  cover- 
ing of  heavy  sheet  iron.  Steam  piping,  both  high  and  low  pressure, 
is  insulated  with  85  per  cent  magnesia  sectional  covering.  All  cold- 
water  piping,  with  the  exception  of  the  connections  to  the  condenser,  are 
covered  with  wool  felt,  having  a  lining  of  tarred  paper.  Pipe  covering 
of  all  kinds  is  finished  with  a  heavy  canvas  jacket  and  painted. 
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the  object  of  the  test  is  to  determine  the  highest  efficiency  or 
.city  obtainable,  any  physical  defects,  or  defects  of  operation, 
ing  to  make  the  result  unfavorable  should  first  be  remedied;  all 
;d  parts  being  cleaned,  and  the  whole  put  in  first-class  condition, 
n  the  other  hand,  the  object  is  to  ascertain  the  performance  under 
ing  conditions,  no  such  preparation  is  either  required  or  desired. 

General  Precautions  against  Leakage. 

i  steam  tests  make  sure  that  there  is  no  leakage  through  blow-offs, 
s,  etc.,  or  any  steam  or  water  connections  of  the  plant  or  apparatus 
srgoing  test,  which  would  in  any  way  affect  the  results.  All  such 
lections  should  be  blanked  off,  or  satisfactory  assurance  should  be 
ined  that  there  is  leakage  neither  out  nor  in.  This  is  a  most 
3rtant  matter,  and  no  assurance  should  be  considered  satisfactory 
ss  it  is  susceptible  of  absolute  demonstration. 

Apparatus  and  Instruments. 

ilect  the  apparatus  and  instruments  specified  in  the  Code  of  Rules 
ying  to  the  test  in  hand,  locate  and  install  the  same,  and  complete 
preparations  for  the  work  in  view. 

he  arrangement  and  location  of  the  testing  appliances  in  every  case 
t  be  left  to  the  judgment  and  ingenuity  of  the  engineer  in  charge, 
details  being  largely  dependent  upon  locality  and  surroundings, 
guiding  rule,  however,  should  always  be  kept  in  view,  viz.,  see  that 
apparatus  and  instruments  are  substantially  reliable,  and  arrange 
n  in  such  a  way  as  to  obtain  correct  data. 

3.  MISCELLANEOUS  INSTRUCTIONS. 

he  person  in  charge  of  a  test  should  have  the  aid  of  a  sufficient 
iber  of  assistants,  so  that  he  may  be  free  to  give  special  attention 
iny  part  of  the  work  whenever  and  wherever  it  may  be  required, 
should  make  sure  that  the  instruments  and  testing  apparatus 
tinually  give  reliable  indications,  and  that  the  readings  are  correctly 
>rded.  He  should  also  keep  in  view,  at  all  points,  the  operation 
je  plant  or  part  of  the  plant  under  test  and  see  that  the  operating 
[ftions  determined  on  are  maintained  and  that  nothing  occurs,  either 
ceident  or  design,  to  vitiate  the  data.  This  last  precaution  is 
tally  needed  in  guarantee  tests. 

a  test  is  undertaken,  it  is  important  that  the  boiler,  engine, 

apparatus  concerned,  shall  have  been  in  operation  a  sufficient 

f   time  to  attain  working  temperatures  and  proper  operating 

throughout,  so  that  the  results  of  the  test  may  express  the 

ig  performance. 
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An  exception  should  be  noted  where  the  object  of  the  test  is  to  obtain 
the  working  performance,  including  the  effect  of  preliminary  heatiqg, 
in  which  case  all  the  conditions  should  conform  to  those  of  regular 
service. 

In  preparation  for  a  test  to  demonstrate  maximum  efficiency,  it  is 
desirable  to  run  preliminary  tests  for  the  purpose  of  determining  the 
most  advantageous  conditions. 

4.  OPERATING  CONDITIONS. 

In  all  tests  in  which  the  object  is  to  determine  the  performance  under 
conditions  of  maximum  efficiency,  or  where  it  is  desired  to  ascertain 
the  effect  of  predetermined  conditions  of  operation,  all  such  conditions 
which  have  an  appreciable  effect  upon  the  efficiency  should  be  main- 
tained as  nearly  uniform  during  the  trial  as  the  limitations  of  practical 
work  will  permit.  In  a  stationary  steam  plant,  for  example,  where 
maximum  efficiency  is  the  object  in  view,  there  should  be  uniformity 
in  such  matters  as  steam  pressure,  times  of  firing,  quantity  of  coal 
supplied  at  each  firing,  thickness  of  fire,  and  in  other  firing  operations; 
also  in  the  rate  of  supplying  the  feed  water,  in  the  load  on  the  engine 
or  turbine,  and  in  the  operating  conditions  throughout.  On  the  other 
hand,  if  the  object  of  the  test  is  to  determine  the  performance  under 
working  conditions,  no  attempt  at  uniformity  is  either  desired  or  re- 
quired unless  this  uniformity  corresponds  to  the  regular  practice,  and 
when  this  is  the  object  the  usual  working  conditions  should  prevail 

throughout  the  trial. 

5.  RECORDS. 

A  log  of  the  data  should  be  entered  in  notebooks  or  on  blank  sheets 
suitably  prepared  in  advance.  This  should  be  done  in  such  manner 
that  the  test  may  be  divided  into  hourly  periods,  or,  if  necessary,  periods 
of  less  duration,  and  the  leading  data  obtained  for  any  one  or  more 
periods  as  desired,  thereby  showing  the  degree  of  uniformity  obtained. 

The  readings  of  the  various  instruments  and  apparatus  concerned 
in  the  test,  other  than  those  showing  quantities  of  consumption  (such 
as  fuel,  water,  and  gas),  should  be  taken  at  intervals  not  exceeding  half 
an  hour  and  entered  in  the  log.  Whenever  the  indications  fluctuate, 
the  intervals  should  be  reduced  according  to  the  extent  of  the  fluctua- 
tion. In  the  case  of  smoke  observations,  for  example,  it  is  often  neces- 
sary to  take  observations  every  minute,  or  still  oftener,  continuing 
these  throughout  the  period  covering  the  range  of  variations. 

Make  a  memorandum  of  every  event  connected  with  the  progress 
of  a  test,  however  unnecessary  at  the  time  it  may  appear.  A  record 
should  he  made  of  the  exact  time  of  every  such  occurrence  and  the 
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time  of  taking  every  weight  and  every  observation.  For  the  purpose 
of  identification  the  signature  of  the  observer  and  the  date  should  be 
affixed  to  each  log  sheet  or  record. 

In  the  simple  matter  of  weighing  coal  by  the  barrow-load,  or  "weighing 
water  by  the  tank-f  ull,  which  is  required  in  many  tests,  a  series  of  marks, 
or  tallies,  should  never  be  trusted.  The  time  each  load  is  weighed  or 
emptied  should  be  recorded.  The  weighing  of  coal  should  not  be 
delegated  to  unreliable  assistants,  and,  whenever  practicable,  one  or 
more  men  should  be  assigned  solely  to  this  work.  The  same  may  be 
said  with  regard  to  the  weighing  of  feed  water. 

6.  DATA  REPRESENTED  GRAPHICALLY. 

If  it  is  desired  to  show  the  uniformity  of  the  data  at  a  glance  the 
whole  log  of  the  trial  should  be  plotted  on  a  chart,  using  horizontal 
distances  to  represent  times  of  observation,  and  vertical  distances  on 
suitable  scales  to  represent  various  data  as  recorded.  Such  a  chart 
showing  log  of  a  boiler  test  is  illustrated  in  Appendix  No.  23. 

It  is  instructive  to  plot  the  leading  data  on  such  a  chart  while  the 

test  is  in  progress. 

7.  REPORT. 

The  report  of  a  test  should  present  all  the  leading  facts  bearing 
on  the  design,  dimensions,  condition,  and  operation  of  the  apparatus 
tested,  and  should  include  a  description  of  any  other  apparatus  and 
auxiliaries  concerned,  together  with  such  sketches  as  may  be  needed 
for  a  clear  understanding  of  all  points  under  consideration.  It  should 
state  clearly  the  object  and  character  of  the  test,  the  methods  followed, 
the  conditions  maintained,  and  the  conclusions  reached,  closing  with 
a  tabular  summary  of  the  principal  data  and  results. 


RULES  FOR  CONDUCTING  EVAPORATIVE  TESTS   OP  BOILERS." 
A.S.M.E.  Code  of  igia. 
I.  OBJECT  AND  PREPARATION'S. 
Determine  the  object,  take  the  dimensions,  note  the  physical  con- 
ditions, examine  for  leakages,  install  the  testing  appliances,  t?t«„  *3 
pointed  out  in  the  general  instructions  and  make  preparations  for  the 
test  accordingly. 


Determine  the  character  of  fuel  to  be  used.     For  tests  of  maximum 

efficiency  or  capacity  of  the  boiler  to  compare  with  other  boil.r-.  tfci 
coal  should  hoof  some  kind  which  is  commercially  regarded  as  a  standard 
for  the  locality  where  the  test  is  made. 

A  coal  selected  for  maximum  efficiency  and  capacity  tests  should  be 
the  best  of  its  class,  and  especially  free  from  slagging  and  unusual 
cl inker-forming  impurities. 

For  guarantee  and  other  tests  with  a  specified  coal  containing  not 
more  than  a  certain  amount  of  ash  and  moisture,  the  coal  selected 
should  not  be  higher  in  ash  and  in  moisture  than  the  stated  amounts, 
because  any  increase  is  liable  to  reduce  the  efficiency  and  capacity  more 
than  the  equivalent  proportion  of  such  increase. 

The  size  of  the  coal,  especially  where  it  is  of  the  anthracite  class, 
should  be  determined  by  screening  a  suitable  sample. 

3.  APPARATUS  AND  INSTRUMENTS. 

The  apparatus  and  instruments  required  for  boiler  tests  are: 

(n)  Platform  sealcs  fur  weighing  coal  and  ashes. 

I'M  Graduated  scales  attached  to  the  water  glasses. 

(e)  Tank*  Hid  platform  scales  for  weighing  water  (or  water  meters  calibrated  in 

place), 
(■I)  Pressure  gapes,  I  he  mm  meters,  and  draft  gages, 
(r)  Calnrinieters  for  determining  the  calorific  value  of  fuel  and  the  quality  of 


(/)  Furnace  pyrometers. 

(g)  Gas  analyzing  apparatus. 

•  Preliminary   report   of   the   Cominili 
'ov.,  1012.)     Greatly  abridged. 


■   for   Power  Teats.      (Jour.   A.S.M-L 
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Full  directions  regarding  the  use  and  calibration  of  the  above  men- 
tioned appliances  are  given  in  the  complete  code. 

4.  OPERATING  CONDITIONS. 

Determine  what  the  operating  conditions  and  method  of  firing  should 
be  to  conform  to  the  object  in  view,  and  see  that  they  prevail  through- 
out the  trial,  as  nearly  as  possible. 

5.  DURATION. 

The  duration  of  tests  to  determine  the  efficiency  of  a  hand-fired 
boiler  should  be  10  hours  of  continuous  running,  or  such  time  as  may 
be  required  to  burn  a  total  of  250  pounds  of  coal  per  square  foot  of  grate. 

In  the  case  of  a  boiler  using  a  mechanical  stoker,  the  duration,  where 
practicable,  should  be  at  least  24  hours.  If  the  stoker  is  of  a  type  that 
permits  the  quantity  and  condition  of  the  fuel  bed  at  beginning  and 
end  of  the  test  to  be  accurately  estimated,  the  duration  may  be  reduced 
to  10  hours,  or  such  time  as  may  be  required  to  burn  the  above-noted 
total  of  250  pounds  per  square  foot. 

6.  STARTING  AND  STOPPING. 

The  conditions  regarding  the  temperature  of  the  furnace  and  boiler, 
the  quantity  and  quality  of  the  live  coal  and  ash  on  the  grates,  the  water 
level,  and  the  steam  pressure,  should  be  as  nearly  as  possible  the  same 
at  the]  end  as  at  the  beginning  of  the  test. 

7.  RECORDS. 

The  records  of  data  should  be  obtained  as  pointed  out  in  Appendix 
A.  Half-hourly  readings  of  the  instruments  are  usually  sufficient.  If 
there  are  sudden  and  wide  fluctuations,  the  readings  in  such  cases  should 
be  taken  every  fifteen  minutes,  and  in  some  instances  oftener. 

8.  QUALITY  OF  STEAM. 

If  the  boiler  does  not  produce  superheated  steam  the  percentage  of 
moisture  in  the  steam  should  be  determined  by  the  use  of  a  throttling 
or  separating  calorimeter.  If  the  boiler  has  superheating  surface,  the 
temperature  of  the  steam  should  be  determined  by  the  use  of  a  ther- 
mometer inserted  in  a  thermometer  well. 

9.  SAMPLING  AND  DRYING  COAL. 

During  the  progress  of  the  test  the  coal  should  be  regularly  sampled 
for  the  purpose  of  analysis  and  determination  of  moisture. 
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chambers,  including  ash  carried  away  in  the  gases,  if  any,  determined  from 
the  analyses  of  coal  and  ash.  The  "combustible"  used  for  determining  the 
calorific  value  is  the  weight  of  coal  less  the  moisture  and  ash  found  by  analysis. 
The  "heat  absorbed"  per  pound  of  coal,  or  combustible,  is  calculated  by 
multiplying  the  equivalent  evaporation  from  and  at  212  degrees  per  pound 
of  coal  or  combustible  by  970.4. 

(6)  Corrections  for  Moisture  in  Steam.  When  the  percentage  is  less  than  2  per 
cent  it  is  sufficient  merely  to  deduct  the  percentage  from  the  weight  of  water 
fed.  If  the  percentage  is  greater  than  2  per  cent  or  if  extreme  accuracy  is 
required,  the  factor  of  correction  equals 

in  which  Q  is  the  quality  of  the  steam  (one  minus  the  decimal  representing 
the  percentage  of  moisture),  P  the  proportion  of  moisture,  T  the  total  heat 
of  water  at  the  temperature  of  the  steam,  h  the  total  heat  of  the  feed  water, 
and  H  the  total  heat  of  saturated  steam  of  the  given  temperature. 

(c)  Correction  for  Live  Steam,  if  Any,  used  for  Aiding  Combustion.  If  live  steam 
is  admitted  into  the  furnace  or  ashpit  for  producing  blast,  injecting  fuel,  or 
aiding  combustion,  it  is  to  be  deducted  from  the  total  evaporation,  and  the 
net  evaporation  used  in  the  various  calculations. 

(d)  Equivalent  Evaporation.  The  equivalent  evaporation  from  and  at  212  de- 
grees is  obtained  by  multiplying  the  weight  of  water  evaporated,  corrected  for 
moisture  in  steam,  by  the  "factor  of  evaporation."    The  latter  equals 

H  -h 
970.4  ' 

in  which  H  and  h  are  respectively  the  total  heat  of  saturated  steam  and  of  the 
feed  water  entering  the  boiler.  When  the  steam  is  superheated,  the  total  heat 
of  the  steam  is  that  of  saturated  steam  plus  the  product  of  the  number  of 
degrees  of  superheating  by  the  specific  heat  of  the  steam. 

Unless  otherwise  provided,  a  combined  boiler  and  superheater  should  be 
treated  as  one  unit,  and  the  equivalent  of  the  work  done  by  the  superheater 
should  be  included  in  the  evaporative  work  of  the  boiler. 

(e)  Heat  Balance.  The  "heat  balance,"  or  approximate  distribution  of  the 
calorific  value  of  the  coal  or  combustible  among  the  several  items  of  heat 
utilized  and  heat  lost,  should  be  obtained  in  cases  where  the  flue  gases  have 
been  analyzed  and  a  complete  analysis  made  of  the  coal. 

The  loss  due  to  moisture  in  the  coal  is  found  by  multiplying  the  total 
heat  of  one  pound  of  superheated  steam  at  the  temperature  of  the  escaping 
gases,  calculated  from  the  temperature  of  the  air  in  the  boiler  room,  by  the 
proportion  of  moisture. 

The  loss  due  to  moisture  formed  by  the  burning  of  hydrogen  is  obtained  by 
multiplying  the  total  heat  of  one  pound  of  superheated  steam  at  the  tem- 
perature of  the  escaping  gases,  calculated  from  the  temperature  of  the  air  in 
the  boiler  room,  by  the  proportion  of  the  hydrogen,  determined  from  the 
analysis  of  the  coal,  and  multiplying  the  result  by  9. 

The  loss  due  to  heat  carried  away  in  the  dry  gases  is  found  by  multiplying 
the  weight  of  gas  per  pound  of  coal  or  combustible  by  the  elevation  of  tem- 
perature of  the  gases  above  the  temperature  of  the  boiler  room,  and  by  the 
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specific  heat  of  the  gases  (0.21).     The  weight  of  gu  referred  to  Is  nhtain«ihj 

finding  the  weight  of  dry  .n-is  per  p< iun.il  of  carbon  burned,  using  Ui«  I'.imiiili 

11CO,  +  80+7(CO  +  N) 

3  (CO,  4-  CO) 

in  which  CO),  CO,  O,  and  N  are  expressed  in  percentages  by  volume,  awl 
multiplying  this  result  by  the  proportion  home  by  the  carbon  burned  W  tht 
whole  amount  of  coal  or  combustible  as  determined  from  the  results  of  the 
analysis  of  the  coal,  ash,  and  refuse. 

The  loss  due  to  incomplete  rum  bust  inn  nf  enrhon  is  found  by  first  obtaining 
the  pro[>ortion  borne  by  the  carbon  monotide  in  the  cases  to  the  sum  (if  1: 
carbon  monoxide  and  carbon  dioxide,  and  then  multiplying  this  proponi 
by  the  proiKjrtiou  of  carbon  in  the  coal  or  combustible,  and  finally  multiplying 
the  product  by  10,150,  which  id  the  number  of  heat  units  generated  by  burn- 
ing to  carbon  dioxide  one  pound  of  carbon  contained  in  carbon  monoxide. 

The  loss  due  to  comhuslihlo  mutter  in  the  ash  and  refuse  is  found  by  mul- 
tiply int;  the  proportion  that,  this  combustible  bears  to  the  whole  amount  (/ 
coal  or  combustible,  by  its  calorific  value  per  pound.  For  most  purpose*  i; 
is  sufficient  to  assume  the  latter  to  be  14,600  B.l.u.,  the  same  as  that  of  curl™. 

The  loss  due  to  moisture  in  the  air  is  determined  by  multiplying  the  ui-i^ht 
of  such  moisture  per  pound  of  coal  or  combustible  by  the  elevation  of  trm- 
perature  of  the  Hue  gases  above  the  temperature  of  the  boiler  room  &A  nr 
0,47.  The  weight  of  moisture  is  found  by  multiplying  the  weight  o(  air  pt 
pound  uf  coal  or  combustible  by  I  he  moisture  in  one  pound  of  air  determin-i 
from  readings  of  the  wet  and  dry-bulb  thermometer. 
(/)  Total  Beat  of  Combustion  o/  Coal,  by  Analysis.  The  total  heat  of  combustion 
maybe  computed  from  the  results  of  the  ullimat  e  analysis  l>y  using  the  formuli 

H,600C  + 62,000  (ll  -5)  + 40008, 

in  which  C,  H   O,  and  S  refer  to  the  proportions  of  carbon,  hydrogen,  oxygen. 

and  sulphur,  respec lively. 

(ff)       j4ir  tor  Combustion.     The  quantity  of  air  used  may  be  calculated  by  the 

form  u  la; : 

,v.     r    •  tu     (      a  3.032  N 

Lb.  of  air  per  lb   of  carlx.m  =  v,-s —   „-■ 

in  which  N,  CO.,  and  CO  are  the  perooatngBB  ('f  d*5  K^  obtained  by  analyst, 

Lb,  of  air  per  lb.  of  coal  -  lb.  air  per  lb.  C  X  per  cent  C  in  the  coal. 
The  ratio  of  the  air  supply  to  that  theoretically  required  for  compWtt 


15.    DATA   AND   RESULTS. 

TV  data  ;ind  results  should  be  reported  in  accordance  with  either 

th*  Short  Form  or  the  Complete  Form  printed  below,  adding  lines  for 

iiWa  not  provided  for,  or  omitting  those  not  required,  as  may  conform 

,  jevt  in  view. 
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In  trials  having  for  an  object  the  determination  and  exposition  of 
the  complete  boiler  performance,  the  entire  log  of  readings  and  data 
should  be  plotted  on  a  chart  and  represented  graphically.    See  Fig.  606. 
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17.  TESTS  WITH  OIL  AND  GAS  FURLS. 
Teats  of  boilers  using  oil  or  gas  for  fuel  should  accord  with  the  rules 
here  given,  excepting  as  they  are  varied  to  conform  to  the  particular 
characteristics  of  the  fuel.     The  duration  in  such  cases  may  be  reduced, 
and  the  "flying"  method  of  starting  and  stopping  employed. 

The  tabic  of  data  and  results  should  contain  items  stating  character  of  furnace 
and  burner,  quality  and  composition  of  oil  or  gas,  temperature  of  oil,  pressure 
of  steam  used  for  vaporizing,  anil  quantity  of  steam  used  both  for  vaporizing 
and  for  heating. 

TABLE  1.    DATA  AND  RESULTS  OF  EVAPORATIVE  TEST, 
SHORT   FORM,   CODE   OK    1012. 

(1)  Teat  of. boiler  located  at 

to  determine conducted  by 

(2)  Kind  of  furnace 

(3)  Grate  surface .sr(.  ft . 

(4)  Water-heating  surface sij.  ft, 

(5)  Superheating  surface .sq.  ft. 

(6)  Date 

(7)  Duration hr. 

(8)  Kind  and  size  of  coal 
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Average  Pressures,  Temperatures,  etc. 

(9)  Steam  pressure  by  gage fc. 

(10)  Temperature  of  feed  water  entering  boiler def. 

(11)  Temperature  of  escaping  gases  leaving  boiler deg. 

(12)  Force  of  draft  between  damper  and  boiler k 

(13)  Percentage  of  moisture  in  steam,  or  number  of  degrees  of  superheat- 

ing   per  cent  or 


Total  Quantities. 

(14)  Weight  of  coal  as  fired* lb. 

(15)  Percentage  of  moisture  in  coal per  cent. 

(16)  Total  weight  of  dry  coal  consumed ' lb. 

(17)  Total  ash  and  refuse lb. 

(18)  Percentage  of  ash  and  refuse  in  dry  coal per  cent. 

(19)  Total  weight  of  water  fed  to  the  boilerf lb. 

(20)  Total  water  evaporated,  corrected  for  moisture  in  steam lb. 

(21)  Total  equivalent  evaporation  from  and  at  212  degrees lb. 

Hourly  Quantities  and  Rates. 

(22)  Dry  coal  consumed  per  hour lb. 

(23)  Dry  coal  per  square  foot  of  grate  surface  per  hour lb. 

(24)  Water  evaporated  per  hour  corrected  for  quality  of  steam lb. 

(25)  Equivalent  evaporation  per  hour  from  and  at  212  degrees lb. 

(26)  Equivalent  evaporation  per  hour  from  and  at  212  degrees  per  square  foot  of 

water-heating  surface lb. 

Capacity. 

(27)  Evaporation  jkt  hour  from  and  at  212  degrees  (same  as  Line  25) lb. 

(2S)   Boiler  horse  jxnver  developed  (Item  27  -5-  34 J) bl.h.p. 

(20)  Rated  eapacity,  in  evaporation  from  and  at  212  degrees  per  hour lb. 

(30)  Rated  boiler  horse  power bl.h.p. 

(3D  Percentage  of  rated  capacity  developed per  cent. 

Economy  Results. 

(32)  Water  fed  j>er  pound  of  coal  fired  (Item  19  -s-  Item  14) lb. 

{XV  Water  evaporated  i>er  pound  of  dry  coal  (Item  20  -5-  Item  16) lb. 

^.U     Equivalent  evaporation  from  and  at  212  degrees  per  pound  of  dry  coal 

vltem  21   +  Item  16) lb. 

v3.V  Equivalent  evaporation  from  and  at  212  degrees  per  pound  of  combustible 

[Item  21   ^  litem  16  -  Item  17)] lb. 

Efficiency. 

V;;»V    r.donfu*  value  of  1  pound  of  dry  coal B.t.u. 

;;     v'.i'.oniv  value  of  I  pound  of  combustible B.t.u. 

Item  34  X  970.4 

.    .  ,      «  .  .»•  .1         .1      ..      »  .  .-.>.>. v.*      .mil    rrr-itn     I      I  I  H  ■     V 


,  ,        ,     Tinnv  Itom34  X  970.4T 

I  »V»v  u -..  \  of  l>.«'.lor.  turnaee,  and  crate      100  X  Item  **fi I  "  "  *  •Perc<?nt- 


[-  Item35X9704"l 

•*>     E:*;.v  vv\  o-  »»o-!«T.i:id  turnace  I  100  X   jtcm  37 j 


per  cent. 


%  ,_  .        ,N;         ,.  »•-,  v-tu:il  condition*,  including  moisture,  corrected  for  estimated  differ* 

.  TV*    v.  » • 

•  i  i*   if<  In^itminj;  and  end. 
.     w>t  wuier  level  and  steam  pressure  at  beginning  and  end; 
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Coot  op  Evaporation. 

(40)  Cost  of  coal  per  ton  of pounds  delivered  in  boiler  room dollars 

(41)  Cost  of  coal  required  for  evaporating  1000  pounds  of  water  from  and  at 

212  degrees dollars 

TABLE  2.    DATA  AND  RESULTS  OF  EVAPORATIVE  TEST, 

COMPLETE  FORM,  CODE  OF  1912. 

(1)  Test  of boiler  located  at 

to  determine ,  conducted  by 


Dimensions,  Proportions,  etc. 

(2)  Number  and  kind  of  boilers 

(3)  Kind  of  furnace 

(4)  Grate  surface width length area sq.  ft. 

(5)  Approximate  width  of  air  spaces  in  grate in. 

(6)  Proportion  of  air  space  to  whole  grate  surface per  cent. 

(7)  Water-heating  surface sq.  ft. 

(8)  Superheating  surface sq.  ft. 

(9)  Ratio  of  water-heating  surface  to  grate  surface to  1 

(10)  Ratio  of  minimum  draft  area  to  grate  surface 1  to 

<11)  Date 

(12)  Duration hr. 

<13)  Kind  of  coal 

(14)  Size  of  coal 

Average  Pressures,  Temperatures,  etc. 

(15)  Steam  pressure  by  gage lb. 

(16)  Barometric  pressure lb. 

(17)  Force  of  draft  at  dampers  6f  individual  boilers in. 

(18)  Force  of  draft  in  main  flue  near  boilers in. 

(19)  Force  of  draft  in  main  flue  between  economizer  and  chimney in. 

(20)  Force  of  draft  in  furnaces in. 

(21)  Force  of  blast  in  ashpits in. 

(22)  State  of  weather 

(23)  Temperature  of  external  air deg. 

(24)  Temperature  of  fireroom deg. 

(25)  Temperature  of  steam deg. 

(26)  Normal  temperature  of  saturated  steam deg. 

(27)  Temperature  of  feed  water  entering  flue  heater  or  economizer deg. 

(28)  Temperature  of   feed  water  leaving  heater  or  economizer  and  entering 

boilers deg. 

(29)  Temperature  of  gases  leaving  boilers dog. 

(30)  Temperature  of  gases  leaving  economizer cleg. 

Quality  of  Steam. 

(31)  Percentage  of  moisture  in  steam per  cent. 

(32)  Number  of  degrees  of  superheating deg. 

(33)  Quality  of  steam  (dry  steam  =  unity) , 
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Total  Quant-tots. 

(34)  Weight  of  coal  as  fired* h. 

(35)  Percentage  of  moisture  in  coal per  east 

(36)  Total  weight  of  dry  coal  consumed h. 

(37)  Total  ash  and  refuse h. 

(38)  Total  combustible  consumed  (Line  36  —  line  37) h. 

(39)  Percentage  of  ash  and  refuse  in  dry  coal percent 

(40)  Total  weight  of  water  fed  to  boiler b. 

(41)  Total  water  evaporated  corrected  for  moisture  in  steam ft>. 

(42)  Factor  of  evaporation,  based  on  temperature  of  water  entering  boilers 

(43)  Total  equivalent  evaporation  from  and  at  212  degrees ft>. 

Hourly  QuAmnms  and  Ratbs. 

(44)  Dry  coal  consumed  per  hour fc. 

(45)  Combustible  consumed  per  hour ft>. 

(46)  Dry  coal  per  .square  foot  of  grate  surface  per  hour lb. 

(47)  Water  evaporated  per  hour,  corrected  for  quality  of  steam ftx 

(48)  Equivalent  evaporation  per  hour  from  and  at  212  degrees!. .  .  * S>. 

(49)  Equivalent  evaporation  per  hour  from  and  at  212  degrees  per  square  foot 

of  water-heating  surface  t ftx 

Pboximatb  Analysis  of  Coal. 

(50)  Fixed  carbon peroeat 

(51)  Volatile  matter per  cot 

(52)  Moisture per  cot 

(53)  Ash per  cent. 

100  per  cent. 

(54)  Sulphur,  separately  determined per  cent. 

Ultimate  Analysis  op  Dry  Coal. 

(55)  Carbon  (C) per  cent. 

(56)  Hydrogen  (H) per  cent. 

(57)  Oxygen  (O) .  .    per  cent. 

(58)  Nitrogen  (N) per  cent. 

(59)  Sulphur  (S) per  cent. 

(60)  Ash per  cent 

100  per  cent. 

(61)  Moisture  in  sample  of  coal  as  received per  cent 

Analysis  of  Ash  and  Refuse. 

(62)  Carbon per  cent 

(63)  Earthy  matter per  cent 

(a)  Si02 

(b)  A120,  and  Fe2Oi 
(r)   MgO 

('</)  CaO 

(64)  TVinprrat  urc  of  fusion  of  ash dcg. 

*  The  term  "  :i-<  tired  "  mean*  actual  conditions,  including  moisture,  corrected  for 
euro  in  wricht  of  ami  on  the  urate  at  beginning  and  end. 

♦  Corn-rUtT  for  inequality  of  water  level  and  steam  pressure  at  beginning  and 
X  The  -     l    '  ':,  E.,  meaning  I'nits  of  Evaporation,  may  be  substituted  for  the 

lent  wa  into  dry  steam  from  and  at  212  deg. 
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Calorific  Value. 

(65)  Calorific  value  of  1  pound  of  dry  coal  by  calorimeter B.t.u. 

(66)  Calorific  value  of  1  pound  of  combustible  by  calorimeter B.t.u. 

(67)  Calorific  value  of  1  pound  of  dry  coal  by  analysis B.t.u. 

(68)  Calorific  value  of  1  pound  of  combustible  by  analysis B.t.u. 

Capacity. 

(69)  Evaporation  per  hour  from  and  at  212  degrees  (same  as  Line  48) lb. 

(70)  Boiler  horse  power  developed  (Line  69  -f-  34}) bl.h.p. 

(71)  Rated  capacity  per  hour,  from  and  at  212  degrees lb. 

(72)  Rated  boiler  horse  power bl.h.p. 

(73)  Percentage  of  rated  capacity  developed per  cent. 

Economy  Results. 

(74)  Water  fed  per  pound  of  coal  (Item  40  -a-  Item  34) lb. 

(75)  Water  evaporated  per  pound  of  dry  coal  (Item  41  -r  Item  36) lb. 

(76)  Equivalent  evaporation  from  and  at  212  degrees  per  pound  of  coal  fired 

(Item  43  -s-  Item  34) lb. 

(77)  Equivalent  evaporation  from  and  at  212  degrees  per  pound  of  dry  coal 

(Item  43  h-  Item  36) lb. 

(78)  Equivalent  evaporation  from  and  at  212  degrees  per  pound  of  combustible 

(Item  43  -*-  Item  38) lb. 

Efficiency. 

(79)  Efficiency  of  boiler,  furnace,  and  grate  I  100  X  tt «= — —  I  per  cent. 

(80)  Efficiency  of  boiler  and  furnace  I  100  X tl ^ — —  I per  cent. 

Cost  of  Evaporation. 

(81)  Cost  of  coal  per  ton  of pounds  delivered  in  boiler  room dollars 

(82)  Cost  of  coal  required  for  evaporating  1000  pounds  of  water  under  observed 

conditions dollars 

(83)  Cost  of  coal  required  for  evaporating  1000  pounds  of  water  from  and  at 

212  degrees dollars 

Smoke  Data. 

(84)  Percentage  of  smoke  as  observed per  cent. 

(85)  Weight  of  soot  per  hour  obtained  from  smoke  meter 

Methods  of  Firing. 

(86)  Kind  of  firing,  whether  spreading,  alternate,  or  cooking 

(87)  Average  thickness  of  fire 

(88)  Average  intervals  between  firings  for  each  furnace  during  time  when  fires 

are  in  normal  condition 

(89)  Average  interval  between  times  of  leveling  or  breaking  up P 


Analysis  of  Dbv  Gases  by  Vol0mb. 

(00)  Carbon  dioxide  (COj) pern 

(9!)  Onygen  (O) ...-.  pern 

(92)  Carbon  monoxide  (CO) pace 

(93)  Bydngea  wd  hydwrnubons percent. 

(94)  Nitrogen,  by  difference  (N') percent. 

100  per  cent. 

Ubat  IUukce,  Based  on  Dry  Coal  and  Combustible. 


as  Fired 

Colnbuitibli 

B.t.u. 

PerCent 

B.ML 

IW    ■ 

(OS)  lien  absorbed  by  the  boiler  (Lin*  70  or  77  X  970.4). 

Iil7)  Lout  duo  to  lirat  enrriwl  amy  by  stain  formed  by 

mi   Low  dM  to  best  carried  M(  in  the  dry  flue  gues  .  . 

■-  =■«■_-■    l.,,-*-,ji] jri'iiFi-iirn.-.J    h\'li"^'[i   rtri'J   liydr'j-tur- 

(103)  Total  Mlorifiovilue  of  lib.  oldrycosjwemnbmtible 

,«, 

_ 
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RULES  FOR  CONDUCTING  TESTS  OF  RECIPROCATING  ENGINES.* 

A.S.MJS.  Code  of  1012. 

1.  OBJECT  AND  PREPARATIONS. 

Determine  the  object,  take  the  dimensions,  note  the  physical  con- 
ditions not  only  of  the  engine  but  of  all  parts  of  the  plant  that  are 
concerned  in  the  determinations,  examine  for  leakages,  install  the 
testing  appliances,  etc.,  as  pointed  out  in  Appendix  A  and  prepare  for 
the  test  accordingly. 

2.  APPARATUS  AND  INSTRUMENTS. 

The  apparatus  and  instruments  required  for  a  simple  performance 
test  of  a  steam  engine,  in  which  the  steam  consumption  is  determined 
by  feed-water  measurement,  are: 

(a)  Tanks  and  platform  scales  for  weighing  water  (or  water  meters  calibrated 

in  place). 

(b)  Graduated  scales  attached  to  the  water  glasses  of  the  boilers 

(c)  Pressure  gauges,  vacuum  gauges,  and  thermometers. 

(d)  A  steam  .calorimeter. 

(e)  A  barometer. 

(/)  Steam-engine  indicators. 

(g)  A  planimeter. 

(h)  A  tachometer  or  other  speed-measuring  apparatus. 

(i)  A  friction  brake  or  dynamometer. 

The  determination  of  the  heat  and  steam  consumption  of  an  engine 
by  feed-water  test  requires  the  measurement  of  the  various  supplies  of 
water  fed  to  the  boiler;  that  of  the  water  discharged  by  separators  and 
drips  not  returned  to  the  boiler,  and  that  of  water  and  steam  which 
escapes  by  leakage  of  the  boiler  and  piping,  all  of  these  last  being 
deducted  from  the  total  feed  water  measured. 

To  ascertain  the  consumption  of  heat,  the  various  feed  temperatures 
axe  taken  and  heat  calculations  made  accordingly.  If  the  conditions 
imposed  by  the  particular  method  adopted  for  carrying  on  the  test 
depart  from  the  usual  practice,  as  for  example  where  a  colder  supply  of 
feed  water  is  used  than  the  ordinary  supply,  a  preliminary  or  subsequent 

•  Preliminary  report  of  the  Committee  on  Power  Tests.  (Jour.  A.S.M.E.,  Nov., 
1912.)    Greatly  abridged. 
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run  should  be  made  to  ascertain  the  temperatures  which  obtain  under 
the  usual  working  conditions,  and  the  heat  measurements  obtained 
under  the  test  conditions  appropriately  corrected  for  such  departures. 
The  steam  consumed  by  steam-driven  auxiliaries  which  are  required 
for  the  operation  of  the  engine  should  be  included  in  the  total  steam 
from  which  the  heat  consumption  is  calculated  and  the  quantity  of • 
steam  thus  used  should  be  determined  and  reported. 

3.  OPERATING  CONDITIONS. 

Determine  what  the  operating  conditions  should  be  to  conform  to 
the  object  in  view,  and  see  that  they  prevail  throughout  the  trial 

4.  DURATION. 

A  test  for  heat  or  steam  consumption,  with  substantially  constant 
load,  should  be  continued  for  such  time  as  may  be  necessary  to  obtain 
a  number  of  successive  hourly  records,  during  which  the  results  are 
reasonably  uniform.  For  a  test  involving  the  measurement  of  feed 
water  for  this  purpose,  five  hours  is  sufficient  duration.  Where  a 
surface  condenser  is  used,  and  the  measurement  is  that  of  the  water 
discharged  by  the  air  pump,  the  duration  may  be  somewhat  shorter. 
In  this  case,  successive  half-hourly  records  may  be  compared  and  the 
time  correspondingly  reduced. 

When  the  load  varies  widely  at  different  times  of  the  day,  the  dura- 
tion should  be  such  as  to  cover  the  entire  period  of  variation. 

The  preliminary  or  subsequent  trial  for  determining  the  working  tem- 
peratures on  a  heat  test,  where  the  temperatures  obtained  under  the 
test  conditions  depart  from  the  usual  temperatures,  should  be  of  such 
duration  as  may  l>e  required  to  secure  working  results. 

5.   STARTING   AND  STOPPING. 

The  engine  and  appurtenances  having  been  set  to  work  and  thoroughly 
heated  under  the  prescribed  conditions  of  test,  except  in  cases  where 
the  object  is  to  obtain  the  performance  under  working  conditions,  note 
the  water  levels  in  the  boilers  and  feed  reservoir,  take  the  time  and 
consider  this  the  starting  time.  Then  begin  the  measurements  and 
observations  and  carry  them  forward  until  the  end  of  the  period  deter- 
mined on.  When  this  time  arrives,  the  water  levels  and  steam  pressure 
should  be  brought  as  near  as  practicable  to  the  same  points  as  at  the 
start .  This  being  do\\<\  again  note  the  time  and  consider  it  the  stopping 
ume  o\  the  test.  If  then*  are  differences  in  the  water  levels,  proper 
sV~*\vtums  are  to  be  applied. 
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Where  a  surface  condenser  is  used,  the  collection  of  water  discharged 
by  the  air  pump  begins  at  the  starting  time,  and  the  water  is  thereafter 
measured  or  weighed  until  the  end  of  the  test;  no  observations  of  the 
boilers  being  required. 

6.  RECORDS. 

The  general  data  should  be  recorded  as  pointed  out  in  Appendix  A, 
under  the  heading  Records.  Half-hourly  readings  of  the  instruments 
are  sufficient,  excepting  where  there  are  wide  fluctuations.  A  set  of 
indicator  diagrams  should  be  obtained  at  intervals  of  20  minutes,  and 
at  more  frequent  intervals  if  the  nature  of  the  test  makes  it  necessary. 
Mark  on  each  card  the  cylinder  and  the  end  on  which  it  was  taken,  also 
the  time  of  day.  Record  on  one  card  of  each  set  the  readings  of  the 
pressure  gauges  concerned,  taken  at  the  same  time.  These  records 
should  subsequently  be  entered  on  the  general  log,  together  with  the 
areas,  pressures,  lengths,  etc.,  measured  from  the  diagrams,  when  these 
are  worked  up. 

7.  CALCULATION  OF  RESULTS. 

(a)  Dry  Steam,  The  quantity  of  dry  steam  consumed  when  there  is  no  super- 
heating is  determined  by  deducting  the  moisture  found  by  calorimeter  test 
from  the  total  amount  of  feed  water  (the  latter  being  corrected  for  leakages) 
or  from  the  amount  of  air-pump  discharge,  as  the  case  may  be. 

When  there  is  superheating  the  dry  steam  is  found  by  multiplying  the 
weight  of  superheated  steam  by  the  factor 

,   ,  C(T-t) 
1+    H-h   ' 
in  which 

C  =  specific  heat  of  superheated  steam  at  observed  pressure  and  tem- 
perature. 
T  —  temperature  of  superheated  steam. 
t  =*  temperature  of  saturated  steam. 
H  =  total  heat  of  saturated  steam  of  observed  pressure. 
h  =  total  heat  of  feed  water. 

{lb)  Heat  Consumption.  The  number  of  heat  units  consumed  by  the  engine  is 
found  by  multiplying  the  weight  of  feed  water  consumed,  corrected  for  leak- 
ages, by  the  total  heat  of  the  steam  above  the  working  feed  temperature,  and 
multiplying  the  product  by  a  factor  of  correction  expressing  the  quality  of 
the  steam. 

If  the  steam  contains  moisture,  this  factor  equals 

O  +  'F^ 

in  which  Q  is  the  quality  of  the  steam  (one  minus  the  decimal  representing 
the  percentage  of  moisture),  P  the  proportion  of  moisture,  T  the  total  heat 
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of  water  at  the  temperature  of  the  steam,  h  the  total  heat  of  the  feed  mia, 
and  //  the  total  heat  of  saturated  steam. 

If  the  steam  is  superheated,  the  factor  is  that  given  above  under  (a)  Dry 
Steam. 

If  there  are  a  number  of  sources  of  feed-water  supply,  the  corrrapundiar 
heat  units  should  be  determined  for  each  supply  and  the  various  qunrihtm 
added  together. 

The  British  standard  of  heat  consumption  is  based  on  a  feed-watt*  tem- 
perature assumed  to  be  that  of  the  temperature  of  saturated  steam  com- 
sponding  to  the  observed  baek  pressure  (whether  this  is  above  or  below  tie 
atmosphere l,  plus  I  lie  temperature  due  In  heat  derived  from  jacket  or  relit>t*r 
drifis.  It  does  not  include  the  heat  consumed  by  any  auxiliaries,  ewpt 
jackets  and  reheat  era. 

(c)  Indicated  Hurst  Power.  In  a  single  double-acting  cylinder  the  indicated 
horse  power  is  found  by  using  the  formula 

PLAN 
33,000  ' 

in  which  P  represents  the  average  mean  effective  pressure  in  pounrii  per 
square  inch  measured  from  the  indicator  diagrams,  L  tbe  length  of  stroke  is 
feet,  A  the  area  of  the  piston  1'--  one-half  the  area  of  the  piston  rod,  or  ;b; 
mean  area  of  the  rod  if  it  pusses  through  both  cylinder  heads,  in  square  inches, 
and  jV  the  number  of  single  strokes  per  minute. 

Where  extreme  accuracy  is  required,  the  power  developed  by  each  side  d 
the  piston  may  be  determined  and  the  results  added  together. 

(d)  Brake  Horse  Power.  The  brake  horse  power  is  found  by  multiplying  the  net 
weight  on  the  brake  arm  (the  gross  weight  minus  the  weight  when  the  br?lt 
is  entirely  free)  in  pounds,  the  rmni  inference  of  the  circle  passing  through 
the  bearing  point  at  the  end  of  the  brake  arm,  in  feet,  and  the  number  of 
revolutions  of  the  brake  shaft  per  minute,  and  dividing  the  product  by  33,000. 

(e)  Electrical  Horse  Power.  The  electrical  horse  power  for  a  direct-conntft^l 
generator  is  found  by  dividing  the  output  at  the  bus-bar,  expressed  in  kilo- 
watt*, by  the  decimal  0.746.  For  alternating-current  systems  the  net  outjmi 
is  to  be  used,  being  tin   total  output  leas  that  consumed  for  excitation. 

(J)  Efficiency.  The  efficiency  is  expressed  by  the  thermal  efficiency  ratio, 
which  is  found  by  dividing  the  quantity  2545  by  the  number  of  beat  unit* 
consumed  per  h.p.  hr.,  either  indicated  or  brake. 


(g)      Stan 


counted  for  by   liuiicitor   Dwgrnms.     The  steam   accounted  for. 
i  pounds  per  i.h.p.  per  hour,  may  readily  be  found  by  using  tie 


n.e.p.  =  mean  effective  pressure. 

('  =  proportion  of  stroke  completed  at  cut-off  o 
E  =  proportion  of  clearance. 
H  -  proportion  of  stroke  uncompleted  a 
ITc  =  weight  of  1  cubic  foot  steam  at  cut-off  or  release  pressure. 
Wh  =  weight  of  1  cubic  fool  steam  at  compression  pressure. 
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s 

The  points  of  cut-off  release  and  compression,  referred  to,  are  indicated  in 
Fig.  607.* 

In  multiple-expansion  engines  the  mean  effective  pressure  to  be  used  in 
the  above  formula  is  the  combined  m.e.p.  referred  to  the  cylinder  under  con- 
sideration. In  a  compound  engine  the  combined  m.e.p.  for  the  h.p.  cylinder 
is  the  sum  of  the  actual  m.e.p.  of  the  h.p.  cylinder  and  that  of  the  l.p.  cylinder 
multiplied  by  the  cylinder  ratio.  Likewise  the  combined  m.e.p.  for  the  l.p. 
cylinder  is  the  sum  of  the  actual  m.e.p.  of  the  l.p.  cylinder  and  the  m.e.p. 
of  the  h.p.  cylinder  divided  by  the  cylinder  ratio. 


Compression 


Atmospheric  Line 

Fio.  607.     Points  where  " Steam  accounted  for  by  Indicator"  is  Computed. 

(h)  Cut-Off  and  Ratio  of  Expansion.  To  find  the  percentage  of  cut-off,  or 
what  may  best  be  termed  the  "commercial  cut-off,"  the  following  rule  should 
be  observed: 

Through  the  point  of  maximum  pressure  during  admission  draw  a 
line  parallel  to  the  atmospheric  line.  Through  a  point  on  the  expan- 
sion line  where  the  cut-off  is  complete,  draw  a  hyperbolic  curve.  The 
intersection  of  these  two  lines  is  the  point  of  commercial  cut-off,  and 
the  proportion  of  cut-off  is  found  by  dividing  the  length  measured  on 
the  diagram  up  to  this  point  by  the  total  length. 

To  find  the  ratio  of  expansion  divide  the  volume  corresponding  to  the 
piston  displacement,  including  clearance,  by  the  volume  of  the  steam  at  the 
commercial  cut-off,  including  clearance. 

In  a  multiple-expansion  engine  the  ratio  of  expansion  Is  found  by  dividing 
the  volume  of  the  l.p.  cylinder,  including  clearance,  by  the  volume  of  th« 
h.p.  cylinder  at  the  commercial  cut-off,  including  clearance. 

8.  DATA  AND  RESULTS. 

The  data  and  results  should  be  reported  in  accordance  with  either 
the  Short  Form  or  Complete  Form  given  herewith,  adding  lines  for 
data  not  provided  for,  or  omitting  those  not  required,  as  may  conform 
to  the  object  in  view. 

*  Reproduced  from  Report  of  Committee  on  Standardizing  Engine  Tests,  Fig.  122,  Trans.  Am.  Soc. 
M.  £.(  vol.  24,  p.  744. 
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TABLE  1.    DATA  AND  RESULTS  OF  HEAT  AND  FEED-WATER  TE8T8 

OF  STEAM  ENGINE. 

SHORT  FORM,  CODE  OF  1912. 

(I)  Test  of engine  located  at 

to  determine conducted  by 

4(2)  Type  and  class  of  engine  and  auxiliaries 

<3)  Dimensions  of  main  engine:  IstCyl.    2dCyl.    3dCyL 

(a)  Diameter  of  cylinder in 

(6)  Stroke  of  piston ft 

(c)  Diameter  of  piston  rod  each  end in 

(d)  Average  clearance per  cent     

(e)  Cylinder  ratio 

(/)  Horse-power  constant  for  1  lb.  m.e.p.  and 

1  r.p.m 

(4)  Dimensions  and  type  of  auxiliaries 

(5)  Date 

(6)  Duration hr. 

Average  Pressures  and  Temperatures. 

(7)  Pressure  in  steam  pipe  near  throttle  by  gauge 1>.    I 

(8)  Barometric  pressure  of  atmosphere  in  in.  of  mercury in. 

(9)  Pressure  in  receivers  by  gauge lb. 

(10)  Vacuum  in  condenser  in  inches  of  mercury in. 

(11)  Pressure  in  jackets  and  reheaters  by  gauge lb. 

(12)  Temperature  of  main  supply  of  feed  water de$. 

(13)  Temperature  of  additional  supplies  of  feed  water deg. 

Total  Quantities. 

(14)  Total  water  fed  to  boilers  from  main  source  of  supply lb. 

(If))  Total  water  fed  from  additional  supplies lb. 

(16)  Total  water  fed  to  boilers  from  all  sources ft>. 

(17)  Moisture  in  steam  or  superheating  near  throttle per  cent  or  deg. 

(18)  Factor  of  correction  for  quality  of  steam 

(19)  Total  dry  steam  consumed  for  all  purposes lb. 

Hourly  Quantities. 

(20)  Water  fed  from  main  source  of  supply lb. 

(21)  Water  fed  from  additional  supplies lb. 

(22)  Total  water  fed  to  boilers  j>er  hour lb. 

(23)  Total  dry  steam  consumed  per  hour lb. 

(24)  Loss  of  steam  and  water  per  hour  due  to  drips  from  main  steam  pipes  and 

to  leakage  of  plant Ih. 

(25)  Net  dry  steam  consumed  per  hour  by  engine  and  auxiliaries lb. 

(26)  Net  dry  steam  consumed  per  hour: 

(a)  By  engine  alone j\ 

%  By  auxiliaries ]b. 
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Heat  Data. 

Heat  units  per  pound  of  dry  steam,  based  on  temperature  of  Line  12 B.t.u. 

Heat  units  per  pound  of  dry  steam,  based  on  temperature  of  Line  13 B.t.u. 

Heat  units  consumed  per  hour,  main  supply  of  feed B.t.u. 

Heat  units  consumed  per  hour,  additional  supplies  of  feed B.t.u. 

Total  heat  units  consumed  per  hour  for  all  purposes B.t.u. 

Loss  of  heat  per  hour  due  to  leakage  of  plant,  drips,  etc. .  .  • B.t.u. 

Net  heat  units  consumed  per  hour: 

(a)  By  engine  and  auxiliaries B.t.u. 

(6)  By  engine  alone B.t.u. 

(c)  By  auxiliaries B.t.u. 

Indicator  Diagrams. 

IstCyl.    2dCyl.    3dCyl. 
Commercial  cut-off  in  per  cent  of  stroke 

Initial  pressure  in  lb.  per  sq.  in.  above  atmosphere 

Back  pressure  at  lowest  point  above  or  below  atmos- 
phere in  lb.  per  sq.  in 

Mean  effective  pressure  in  lb.  per  sq.  in 

Steam  accounted  for  by  indicator  in  lb.  per  i.h.p. 
per  hour : 

(a)  Near  cut-off 

(6)  Near  release 

Speed. 
Revolutions  per  minute rev. 

Piston  speed  in  feet  per  minute • ft. 

Power. 

Indicated  horse  power  developed  by  main-engine  cylinders: 

1st  cylinder i.h.p. 

2d  cylinder i.h.p. 

3d  cylinder  whole  engine i.h.p. 

Whole  engine i.h.p. 

Brake  horse  power br.h.p. 

Economy  Resui/ts. 

Heat  units  consumed  by  engine  and  auxiliaries  per  hour: 

(a)  Per  indicated  horse  power B.t.u. 

(b)  Per  brake  horse  power B.t.u. 

Dry  steam  consumed  per  indicated  horse  power  per  hour: 

(a)  By  engine  and  auxiliaries lb. 

(6)  By  main  engine  alone lb. 

(c)  By  auxiliaries lb. 

Dry  steam  consumed  per  brake  horse  power  per  hour: 

(a)  By  engine  and  auxiliaries lb. 

(6)  By  main  engine  alone lb. 

(c)  By  auxiliaries lb. 

Percentage  of  steam  used  by  main-engine  cylinders  accounted  for  by  indi- 
cator diagrams: 

(a)  Near  cut-off per  cent. 

(6)  Near  release per  cent. 
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!)  Dimensions  of  auxiliaries: 

(a)  Air  pump 

(6)  Circulating  pump 

(c)  Feed  pumps 

(d)  Heaters 

I)  Dimensions  of  condenser 

L)  Dimensions  of  electric  or  other  machinery  driven  by  engine 

<8)  Date 

C16)  Duration hr. 

Average  Pressures  and  Temperatures. 

^17)  Steam  pressure  at  boiler  by  gauge lb. 

CX8)  Steam-pipe  pressure  near  throttle,  by  gauge lb. 

(X$)  Barometric  pressure  of  atmosphere  in  lb.  per  sq.  in lb. 

(^0)  Pressure  in  first  receiver  by  gauge lb. 

C^l)  Pressure  in  second  receiver  by  gauge lb. 

KS2)  Vacuum  in  condenser: 

(a)  In  in.  of  mercury in. 

(6)  Corresponding  total  pressure lb. 

(23)  Pressure  in  steam  jacket  by  gauge lb. 

(24)  Pressure  in  reheater  by  gauge .lb. 

(25)  Superheat  in  steam  leaving  first  receiver deg. 

(26)  Superheat  in  steam  leaving  second  receiver deg. 

(27)  Temperature  of  main  supply  of  feed  water  to  boilers deg. 

(28)  Temperature  of  additional  supplies  of  feed  water deg. 

(29)  Ideal  feed-water  temperature  corresponding  to  the  pressure  of  the  steam  in 

the  exhaust  pipe,  allowance  being  made  for  heat  derived  from  jacket  or 
reheater  drips  (British  Standard) deg. 

(30)  Temperature  of  injection  or  circulating  water  entering  condenser deg. 

(31)  Temperature  of  injection  or  circulating  water  leaving  condenser deg. 

(32)  Temperature  of  air  in  engine  room deg. 

Total  Quantities. 

(33)  Water  fed  to  boilers  from  main  source  of  supply lb. 

(34)  Water  fed  from  additional  supplies lb. 

(35)  Total  water  fed  to  boilers  from  all  sources lb. 

(36)  Moisture  in  steam  or  superheating  near  throttle per  cent  or  deg. 

(37)  Factor  of  correction  for  quality  of  steam,  dry  steam  being  unity lb. 

(38)  Total  dry  steam  consumed  for  all  purposes 

Hourly  Quantities. 

(39)  Water  fed  from  main  source  of  supply lb. 

(40)  Water  fed  from  additional  supplies lb. 

(41)  Total  water  fed  to  boilers  per  hour lb. 

(42)  Total  dry  steam  consumed  per  hour lb. 

(43)  Loss  of  steam  and  water  per  hour  due  to  drips  from  main  steam  pipes  and  to 

leakage  of  plant lb. 

(44)  Net  dry  steam  consumed  per  hour  by  engine  and  auxiliaries lb. 
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(63)  Steam  accounted  for  in  lb.  per  indicated  horse  power    1st  Cyl.  2d  Cyl.  3d  Cyl. 

per  hour: 

(a)  Near  cut-off 

(6)  Near  release 

(64)  Ratio  of  expansion 

(65)  Mean  effective  pressure  of  ideal  diagram lb. 

(66)  Diagram  factor 

Speed. 

(67)  Revolutions  per  minute rev. 

(68)  Piston  speed  per  minute ft. 

(69)  Variation  of  speed  between  no  load  and  full  load rev. 

(70)  Fluctuation  of  speed  on  suddenly  changing  from  full  load  to  no  load,  measured 

by  the  increase  in  the  revolutions  due  to  the  change rev. 

Power. 

(71)  Indicated  horse  power  developed  by  main  engine: 

1st  cylinder i.h.p. 

2d  cylinder i.h.p. 

3d  cylinder i.h.p. 

Whole  engine i.h.p. 

(72)  Brake  horse  power br.h.p. 

(73)  Friction  i.h.p.  by  diagrams,  no  load  on  engine,  computed  for  average  speed .  i.h.p. 

(74)  Difference  between  Lines  71  and  72 h.p. 

(75)  Percentage  of  i.h.p.  of  main  engine  lost  in  friction per  cent. 

(76)  Power  developed  by  auxiliaries* i.h.p. 

Economy  Results. 

(77)  Heat  units  consumed  per  indicated  horse  power  per  hour:f 

(a)  By  engine  and  auxiliaries B.t.u. 

(6)  By  engine  alone B.t.u. 

(78)  Heat  units  consumed  per  brake  horse  power  per  hour: 

(a)  By  engine  and  auxiliaries B.t.u. 

(6)  By  engine  alone B.t.u. 

(79)  Heat  units  consumed  by  engine  per  hour,  corresponding  to  ideal  tempera- 

ture of  feed  water  given  in  Line  29,  per  indicated  horse  power  (British 
Standard) B.t.u. 

(80)  Dry  steam  consumed  per  i.h.p.  per  hour: 

(a)  By  engine  and  auxiliaries lb. 

(6)  By  main  engine  alone lb. 

(c)  By  auxiliaries lb. 

*  These  are  not  included  in  the  power  developed  by  the  main  engine. 

t  The  h.p.  on  which  the  economy  and  efficiency  results  are  based  are  those  of  the  main  engine 
given  in  Line  71. 

Note:  Both  the  Short  Form  and  Complete  Form  here  given  refer  to  a  steam  engine  used  for  gen- 
eral service. 

For  an  engine  driving  an  electric  generator  the  form  should  be  enlarged  to  include  the  electrical 
data,  embracing  the  average  voltage,  number  of  amperes  each  phase,  number  of  watts,  number  of 
watt-hours,  average  power  factor,  etc.;  and  the  economy  results  based  on  the  electrical  output  cm- 
bracing  the  heat  units  and  steam  consumed  per  electric  h.p.  per  hour  and  per  kw.-hr.,  together  with 
the  efficiency  of  the  generator.    See  table  for  Steam  Turbine  Code,  Part  6. 

Likewise,  in  a  marine  engine  having  a  shaft  dynamometer,  the  form  should  include  the  data  ob- 
tained from  this  instrument,  in  which  case  the  brake  h.p.  becomes  the  shaft  h.p. 
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(81)  Dry  steam  consumed  per  brake  h.p.  per  hour: 

(a)  By  engine  and  auxiliaries k. 

(6)  By  main  engine  alone lb. 

(c)  By  auxiliaries ! 

(82)  Percentage  of  steam  used  by  main  engine  cylinders  accounted  for  by  indicator 

diagrams. 

IstCyl.    2dCyl.  3dCyL 

(a)  Near  cut-off 

(6)  Near  release 

Efficiency  Results. 

(83)  Thermal  efficiency  ratio  for  engine  and  auxiliaries: 

(a)  Per  indicated  horse  power per  cent. 

(6)  Per  brake  horse  power per  cent. 

(84)  Thermal  efficiency  ratio  for  engine  alone: 

(a)  Per  indicated  horse  power per  cent 

(6)  Per  brake  horse  power per  cent 

(85)  Ratio  of  economy  of  engine  to  that  of  an  ideal  engine  working  with  the 

Rankine  cycle per  cent. 

Wobk  Done  Per  Heat  Unit. 

(86)  Ft  .-lb.  of  net  work  per  B.t.u.  consumed  by  engine  and  auxiliaries  (1,980,000 

-*-  Line  78a) : ft.-Ib. 
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RULES  FOR  CONDUCTING  TESTS  OF  STEAM  TURBINES  AND 

TURBO-GENERATORS." 

A.S.M.E.  Code  of  1012. 

1.  OBJECT  AND  PREPARATIONS. 

Determine  the  object,  take  the  dimensions,  note  the  physical  con- 
ditions not  only  of  the  turbine  but  of  the  entire  plant  concerned,  ex- 
amine for  leakages,  install  the  testing  appliances,  etc.,  as  pointed  out 
in  the  general  instructions  in  Appendix  A,  and  prepare  for  the  test 
accordingly. 

2.  APPARATUS  AND  INSTRUMENTS. 

The  apparatus  and  instruments  required  for  a  simple  performance  test 

of  a  steam  turbine  or  turbo-generator,  in  which  the  steam  consumption 

is  determined  by  feed-water  measurement,  are: 

(a)  Tanks  and  platform  scales  for  weighing  water  (or  water  meters  calibrated  in 

place). 
(5)  Graduated  scales  attached  to  the  water  glasses  of  the  boilers. 

(c)  Pressure  gauges,  vacuum  gauges,  and  thermometers. 

(d)  A  steam  calorimeter. 

(e)  A  barometer. 

(J)  A  tachometer  or  other  speed-measuring  apparatus. 
(g)  A  friction  brake  or  dynamometer. 

(h)  Voltmeters,  ammeters,  wattmeters,  and  watt-hour  meters  for  the  electrical 
measurements  in  the  case  of  a  turbo-generator. 

The  determination  of  the  heat  and  steam  consumption  of  a  turbine 
or  turbo-generator  should  conform  to  the  same  methods  as  those  de- 
scribed in  the  Steam  Engine  Code. 

The  steam  consumed  by  steam-driven  auxiliaries  required  for  the 
operation  of  a  turbine  should  be  included  in  the  total  steam  from  which 
the  heat  consumption  is  calculated  the  same  as  in  the  case  of  the  steam 
engine. 

3.  OPERATING  CONDITIONS. 

Determine  what  the  operating  conditions  should  be  to  conform  to 
the  object  in  view  and  see  that  they  prevail  throughout  the  trial. 

*  Preliminary  Report  of  Committee  on  Power  Tests.  (Jour.  A.S.M.E.,  Nov.,  1912.) 
Somewhat  abridged. 
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i.  DURATION. 
5.  STARTING  AND  STOPF 

6.  RECORDS. 
7.  CALCULATION  OF  RES 
The  rules  pertaining  to  the  subjects  Duratioi 
Records,  and  Calculation  of  Results  are  ident 
given  under  the  respective  headings  in  the  S 
the  single  exception  of  the  matter  relating  to 
results  computed  therefrom;  and  reference  m 
for  the  directions  required  in  these  particular 

8.  DATA  AND  RESULT 

The  data  and  results  should  be  reported  in  ; 

given  herewith,  adding  lines  for  data  not  provii 

not  required,  as  may  conform  to  the  object  in 


CODE  OF   1912. 

(1)  Test  of turbine  located  at . 

to  determine ,  conducted  b 

(2)  Type  of  turbine  ami  class  of  service 

(3)  Type  of  generator,  kind  of  current,  etc 

(41   Elated  7>ower  of  turbine 

(5)  Type  of  boiler 

((il   Kind  and  type  of  auxiliaries  (air  pumps,  circulati 

(71   I  )imensiom  of  turbine  or  turbo-generator 

(S)   I  >itnension.s  of  boilers 

O'l    I'iiiicrL.iions  <>f  auxiliaries 

■f  condenser . 


■    Hat. 


.HAGE    PRESSI'UES    AND   TEMPI 

i'  near  throttle,  by  gauge .... 


1   In  inches  of  n 


•A'lrt-flisiuiliiT  pressure  (absolute) 

:  vraturi'  of  main  supply  of  feed  water  to  boil 
■  .'rsture  nf  ii'lililiniKil  .supplies  of  feed  water, 
-."— i.~jre  of  injfcfuiri  or  eireulatini:  water  entt 
-i.-i-i.-ipv  of  injection  or  circulating  water  lea- 
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Total  Quantities. 

(22)  Water  fed  to  boilers  from  main  source  of  supply lb. 

(23)  Water  fed  from  additional  supplies lb. 

(24)  Total  water  fed  to  boilers  from  all  sources lb. 

(25)  Moisture  in  steam  or  superheating  near  throttle per  cent  or  deg. 

(26)  Factor  of  correction  for  quality  of  steam,  dry  steam  being  unity 

(27)  Total  dry  steam  consumed  for  all  purposes lb. 

Hourly  Quantities. 

(28)  Water  fed  from  main  source  of  supply : lb. 

(29)  Water  fed  from  additional  supplies lb. 

(30)  Total  water  fed  to  boilers  per  hour lb. 

(31)  Total  dry  steam  consumed  per  hour lb. 

(32)  Loss  of  steam  and  water  per  hour  due  to  drips  from  main  steam  pipes  and  to 

leakage  of  plant lb. 

(33)  Net  dry  steam  consumed  per  hour lb. 

(34)  Dry  steam  consumed  per  hour: 

(a)  By  turbine lb. 

(6)  By  auxiliaries lb. 

(35)  Injection  or  circulating  water  supplied  condensers  per  hour cu.  ft. 

Heat  Data. 

(36)  Heat  units  per  pound  of  dry  steam,  based  on  temperature  of  Line  18 B.t.u. 

(37)  Heat  units  per  pound  of  dry  steam,  based  on  temperature  of  Line  19 B.t.u. 

(38)  Heat  units  consumed  per  hour,  main  supply  of  feed B.t.u. 

(39)  Heat  units  consumed  per  hour,  additional  supplies  of  feed B.t.u. 

(40)  Total  heat  units  consumed  per  hour  for  all  purposes B.t.u. 

(41)  Loss  of  heat  per  hour  due  to  leakage  of  plant,  drips,  etc B.t.u. 

(42)  Heat  units  consumed  per  hour: 

(a)  By  turbine  and  auxiliaries B.t.u. 

(6)  By  turbine  alone B.t.u. 

Gc)  By  auxiliaries B.t.u. 

Electrical  Data. 

(43)  Average  volts,  each  phase volts. 

(44)  Average  amperes,  each  phase amperes. 

(45)  Average  kilowatts,  first  meter kw. 

(46)  Average  kilowatts,  second  meter kw. 

(47)  Total  kilowatt  output kw. 

(48)  Power  factor 

(49)  Output  consumed  by  exciter kw. 

(50)  Net  kilowatt  output kw. 

Speed. 

(51)  Revolutions  per  minute rev. 

(52)  Variation  of  speed  between  no  load  and  full  load rev. 

(53)  Fluctuation  of  speed  on  suddenly  changing  from  full  load  to  no  load, 

measured  by  the  increase  in  the  revolutions  due  to  the  change rev. 

Power. 

(54)  Brake  horse  power br.h.p. 

(55)  Electrical  horse  power , h.p. 


APPENDIX  E. 

RULES  FOR  CONDUCTING  TESTS  OF  COMPLETE  STEAM  POWER 

PLANTS.* 

A.S.M.E.  Code  of  1012. 

1.  OBJECT  AND  PREPARATIONS. 

These  rules  are  intended  to  apply  to  commercial  tests  of  a  complete 
plant  to  determine  the  number  of  pounds  of  fuel  consumed  per  unit  of 
work  done  in  a  unit  of  time.  For  tests  of  the  component  parts  of  a 
complete  plant,  such  as  boilers,  engines,  turbines,  etc.,  rules  may  be 
found  in  there  spective  Codes  applying  to  such  cases. 

Read  the  general  instructions  given  in  Appendix  A.  Take  the 
dimensions,  note  the  physical  conditions,  examine  for  leakages,  install 
the  testing  appliances,  etc.,  as  there  pointed  out,  and  prepare  for  the 
test  accordingly. 

2.  FUEL. 

Determine  the  character  of  the  fuel  to  be  used  according  to  the  object 
in  view.  For  further  particulars  reference  may  be  made  to  the  Boiler 
Code. 

3.  APPARATUS  AND  INSTRUMENTS. 

The  apparatus  and  instruments  required  for  a  simple  performance 

test  of  a  steam  plant  are: 

(a)  Platform  scales  for  weighing  coal  and  ashes. 
(6)  Coal  calorimeter. 

(c)  Steam-engine  indicators. 

(d)  A  tachometer  or  other  speed-measuring  apparatus. 

(e)  Electrical  instruments  for  determining  the  output  of  an  electric  plant. 

If  the  test  involves  the  determination  of  boiler  performance,  and 
engine  or  turbine  performances,  additional  instruments  should  be  used 
as  pointed  out  in  the  respective  Codes  referring  to  such  tests. 

4.  OPERATING  CONDITIONS. 

Determine  what  the  operating  conditions  should  be  to  conform  to 
the  object  in  view,  and  see  that  they  prevail  throughout  the  trial. 

*  Preliminary  Report  of  the  Committee  on  Power  Tests.  (Jour.  A.S.M.E.,  Nov., 
1912.) 
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5.  DURATION. 

The  duration  of  a  plant  test  should  be  not  less  than  one  day  of  24 
hours,  and  preferably  a  full  week  of  seven  days,  including  Sunday. 

In  cases  where  the  engine  or  turbine  is  in  operation  only  a  part  of 
the  day,  the  duration  on  which  the  results  are  computed,  should  be 
considered  the  length  of  time  that  the  engine  or  turbine  is  in  opera- 
tion at  its  working  speed. 

6.  STARTING  AND  STOPPING. 

In  a  plant  operating  continuously,  day  and  night,  the  times  fixed  for 
starting  and  stopping  should  follow  the  regular  periods  of  cleaning 
the  fires.  The  fires  should  be  quickly  cleaned  and  then  burned  low, 
say  to  a  thickness  of  4  inches.  When  this  condition  is  reached  the 
time  should  be  noted  as  the  starting  time,  and  the  thickness  of  each 
coal  bed  observed,  as  also  the  water  levels  and  the  steam  pressure. 
Fresh  coal  should  then  be  fired  from  that  weighed  for  the  test,  the 
ashpits  thoroughly  cleaned,  and  the  regular  work  of  the  test  proceeded 
with.  At  the  close  of  the  test,  following  a  regular  cleaning,  the  fires 
should  again  be  burned  low,  and  when  their  condition  has  become  the 
same  as  that  observed  at  the  beginning,  the  water  levels  and  steam 
pressure  also  being  the  same,  the  time  is  observed  and  this  time  taken 
as  the  stopping  time.  If  the  water  levels  and  steam  pressure  are  not 
the  same  as  at  the  beginning  a  suitable  correction  should  be  made  by 
computation.     The  ashes  and  refuse  are  then  hauled  from  the  ashpits. 

In  a  plant  running  only  a  part  of  the  day,  and  during  the  balance  of 
the  day  the  fires  are  banked,  the  time  selected  for  the  beginning  and 
end  of  the  test  should  be  that  following  the  close  of  the  day's  run,  when 
the  fires  have  been  burned  low  preparatory  to  cleaning  and  banking. 
The  amount  of  live  coal  left  on  the  grates  under  these  circumstances  is 
estimated  at  the  begi lining  of  the  test,  and  the  fires  brought  to  the  same 
condition,  as  near  as  may  be,  at  the  close  of  the  test  the  next  day.  If 
the  two  quantities  differ,  a  suitable  correction  is  made  in  the  weight 
of  coal  fired,  as  found  by  calculation. 

7.    RECORDS. 

The  general  data  should  be  recorded  as  pointed  out  in  Appendix  A, 

under  the   head    of    Records.     Half-hourly   readings   of    the    various 

instruments  concerned   are  usually  sufficient,   excepting  where  there 

are  wide  fluctuation*.     A  set  of  indicator  diagrams  should  be  obtained 

at  intervals  of  20  minuter,  and  at  more  frequent  intervals  if  the  nature 

of  the  test  makes  it  necessary.     Mark  on  each  card  the  cylinder  and 

thfc  end  on  which  it  was  taken,  also  the  time  of  the  day.     Record  on 
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one  card  of  each  set  the  readings  of  the  pressure  gauges  concerned,  taken 
at  the  same  time.  These  records  should  subsequently  be  entered  on 
the  general  log,  together  with  the  areas,  pressures,  lengths,  etc.,  meas- 
ured from  the  diagrams,  when  these  are  the  worked  up. 

8.  SAMPLING  AND  DRYING  COAL. 
During  the  progress  of  the  test  the  coal  should  be  regularly  sampled 
for  the  purpose  of  analysis  and  determination  of  moisture. 

9.  ASHES  AND  REFUSE. 

The  ashes  and  refuse  withdrawn  from  the  furnace  and  ashpit  during 
the  progress  of  the  test  and  at  its  close  should  be  weighed  in  a  dry 
state,  and,  if  desired,  a  representative  sample  should  be  obtained  for 
proximate  analysis  and  the  determination  of  the  amount  of  unburned 
carbon  which  it  contains. 

10.  CALORIFIC  TESTS  AND  ANALYSES  OF  COAL. 
The  quality  of  the  fuel  should  be  determined  by  calorific  tests  and 
analysis  of  the  representative  sample  above  referred  to. 

11.  CALCULATION   OF  RESULTS. 
The  methods  of  calculating  the  indicated  and  electrical  horse  powers 
are  the  same  as  explained  in  the  Steam  Engine  Code. 

12.  DATA  AND   RESULTS. 

The  data  and  results  should  be  reported  in  accordance  with  the  form 
given  herewith,  adding  lines  for  data  not  provided  for,  or  omitting  those 
not  required,  as  may  conform  to  the  object  in  view. 

DATA  AND  RESULTS  OF  COMPLETE  STEAM   POWER  PLANT  TEST. 

(1)  Test  of plant  located  at 

to  determine ,  conducted  by 

(2)  Type  of  engine  or  turbine  and  class  of  service 

(3)  Rated  power  of  engine  or  turbine 

(4)  Type  of  boilers 

(5)  Kind  and  type  of  auxiliaries  (air  pump,  circulating  pump,  and  feed  pump; 

jackets,  heaters,  etc.) 

(6)  Dimensions  of  engine  or  turbine 

(7)  Dimensions  of  boilers 

(8)  Dimensions  of  auxiliaries 

(9)  Dimensions  of  condenser 

(10)  Date 

(11)  Duration hr. 

(12)  Length  of  time  engine  or  turbine  was  in  motion  with  throttle  open hr. 

(13)  Length  of  time  engine  or  turbine  was  running  at  normal  speed hr. 

(14)  Kind  of  coal 

(15)  Size  of  coal 
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Average  Pressures  and  Temperatures. 

(16)  Steam  pressure  at  boiler  by  gauge lb. 

(17)  Steam-pipe  pressure  near  throttle,  by  gauge lb. 

(18)  Barometric  pressure  of  atmosphere  in  in.  of  mercury in. 

(19)  Pressure  in  receiver  by  gauge lb. 

(20)  Vacuum  in  condenser in 

(21)  Number  of  degrees  of  superheating,  if  any,  near  throttle deg. 

(22)  Temperature  of  feed  water  entering  boilers deg. 

Total  Quantities,  Time,  Etc. 

(23)  Total  coal  as  fired  * lb. 

(24)  Moisture  in  coal per  cent 

(25)  Total  dry  coal  consumed lb. 

(26)  Ash  and  refuse lb. 

(27)  Percentage  of  ash  and  refuse  to  dry  coal per  cent 

(28)  Calorific  value  by  calorimeter  test  per  lb.  of  dry  coal B.t.u. 

(29)  Cost  of  coal  per  ton  of lb dollars. 

Hourly  Quantities. 

(30)  Dry  coal  consumed  per  hour,  based  on  duration  of  running  period lb. 

Indicator  Diagrams. 

(31)  Mean  effective  pressure  in  lb.  per  sq.  in lb. 

Electrical  Data. 

(32)  Total  electrical  output kw.-hr. 

(33)  Electrical  output  per  hour kw. 

(34)  Output  consumed  by  exciter kw. 

(35)  Net  electrical  output  per  hour kw. 

(36)  Average  volts  each  phase volts. 

(37)  Average  amperes  each  phase amperes. 

(38)  Power  factor 

Speed. 

(39)  Revolutions  per  minute rev. 

Power. 

(40)  Indicated  horse  power  developed  by  main  engine: 

First  cylinder i.h.p. 

Second  cylinder i.h.p. 

Whole  engine i.h.p 

(41)  Net  electrical  hone  power h.p. 

~x>nomy  Results. 

(42)  Dry  ©n*1  r  hour lb. 

(43)  Drv  lb. 

(44)  cents. 

(45)  cents. 

tak  todudei  oo«l  burned  in  the  superheater. 
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RULES  FOR  CONDUCTING  DUTY  TRIALS  OF  STEAM  PUMPING 

MACHINERY.* 

A.S.M.E.  Code  of  1912. 

1.  OBJECT  AND  PREPARATIONS. 

Read  the  general  instructions  given  in  Appendix  A.  Determine  the 
object,  take  the  dimensions,  note  the  physical  conditions  not  only  of 
the  pumping  machinery  but  of  all  parts  of  the  plant  concerned,  examine 
for  leakages,  install  the  testing  appliances,-  etc.,  as  there  pointed  out, 
and  prepare  for  the  test  accordingly. 

In  a  reciprocating  pump,  determine  the  quantity  of  water  leakage 
or  slip  past  the  plungers,  and  that  of  the  pump  valves,  if  any. 

2.  APPARATUS  AND  INSTRUMENTS. 

The  apparatus  and  instruments  required  for  a  simple  duty  trial  of 
pumping  machinery,  in  which  the  steam  consumption  is  determined 
by  feed-water  measurement,  are: 

(a)  Tanks  and  platform  scales  for  weighing  water  (or  water  meters  calibrated  in 

place). 
(6)  Graduated  scales  attached  to  the  water  glasses  of  the  boilers. 

(c)  Pressure  gauges,  vacuum  gauges,  and  thermometers. 

(d)  A  steam  calorimeter. 

(e)  A  barometer. 

(/)  A  tachometer  or  other  speed-measuring  apparatus. 

(g)  For  rotary  pumps  a  weir  or  other  means  for  measuring  the  quantity  of  water 

pumped. 
(A)  Stroke  scales,  for  direct-acting  pumps. 

In  trials  of  a  reciprocating  pumping  engine,  involving  the  determina- 
tion of  the  complete  performance,  the  weir  or  other  means  of  measure- 
ment noted  should  be  provided,  and  in  addition  the  following: 

(tf).  Steam-engine  indicators. 
0)  Aplanimeter. 

•  fte&mnaiy  report  of  the  Committee  on  Power  Tests.     (Jour.  A.S.M.E.,  Nov., 
1912.)    In  the  ease  of  a  pump  driven  by  some  other  prime  mover  than  a  steam  engine 
turbine,  the  code  may  be  modified  to  suit  the  particular  circumstances. 
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The  determination  of  the  heat  and  steam  consumption  should  conform 
to  the  same  methods  as  those  described  in  the  Steam  Engine  Code. 

The  steam  consumed  by  steam-driven  auxiliaries  which  are  required 
in  the  operation  of  the  pumping  machinery  should  be  included  in  the 
total  steam  from  which  the  heat  consumption  is  calculated,  the  same 
as  noted  in  the  Steam  Engine  Code. 

3.  OPERATING  CONDITIONS. 

Determine  what  the  operating  conditions  should  be  to  conform  to 
the  object  in  view  and  see  that  they  prevail  throughout  the  trial. 

In  trials  for  maximum  duty,  care  should  be  taken  that  no  air  is 
snifted  into  the  pump  cylinders,  causing  imperfect  filling.  In  such 
cases,  and  indeed  in  all  cases  where  air  is  thus  admitted  in  sufficient 
quantity  to  affect  the  performance  as  revealed  by  indicator  diagrams 
from  the  water  end,  the  result  should  be  corrected  accordingly. 

4.  DURATION. 

5.  STARTING  AND  STOPPING. 

6.  RECORDS. 

The  rules  pertaining  to  the  subjects  Duration,  Starting  and  Stopping 
and  Records  are  identically  the  same  as  those  given  under  the  respective 
headings  in  the  Steam  Engine  Code,  and  reference  may  be  made  to 
that  code  for  the  necessary  directions  in  these  particulars.  Where  the 
pump  end  is  of  the  reciprocating  class,  the  indicator  diagrams  should 
be  taken  not  only  from  the  steam  cylinders  but  also  from  the  water 
cylinders. 

7.   CALCULATION   OF   RESULTS. 

The  rules  pertaining  to  Dry  Steam,  Heat  Consumption,  and  In- 
dicated Horse  Power  are  identically  the  same  as  those  given  in  the 
Steam  Kngine  Code;    and  reference  may  be  made  to  that  code  for  the 

necessary  directions  in  these  particulars. 

[a)  \Yul< r  Ilorsr  Pourr.  The  water  horse  power  in  a  reciprocating  pump  ia 
found  hy  multiplying  the  net  area  of  the  plunger  in  square  inches  by  the  total 
head,  which  i<  made  up  of  the  pressure  shown  by  the  gauge  on  the  force  main, 
ih.it  on  the  suction  main,  and  that  representing  the  vertical  distance  between 
the  centers  <»t  the  two  gauges,  all  expressed  in  pounds  per  square  inch;  the 
I, nut  h  of  the  >troke  in  feet;  and  the  number  of  single  strokes  per  minute; 
and  dividing  the  final  product  by  33.000. 

In  a  rotary  pump  the  water  horse  power  is  found  by  multiplying  the  weight 
ol   water  discharged  per  hour  in  pounds,  as  determined  by  weir  or  other 
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measurement;  by  the  total  head  in  feet,  as  determined  from  the  readings  of  the 
gauge  on  the  force  main,  that  on  the  suction  main,  and  the  vertical  distance 
between  the  two  gauges;  and  the  product  divided  by  1,980,000.* 

<6)  Duty.  The  duty  per  million  heat  units  is  found  by  dividing  the  number 
of  foot-pounds  of  work  done  during  the  trial  by  the  total  number  of  heat  units 
consumed;  and  multiplying  the  quotient  by  1,000,000.  The  amount  of  work 
is  found  in  the  case  of  reciprocating  pumps  by  multiplying  the  net  area  of  the 
plunger  in  square  inches,  the  total  head  expressed  in  pounds  per  square  inches 
(which  is  made  up  of  the  pressure  shown  by  the  gauge  on  the  force  main,  that 
on  the  suction  main,  and  the  vertical  distance  between  the  centers  of  the  two 
gauges,  all  reduced  to  pounds),  by  the  length  of  the  stroke  in  feet,  and  the 
total  number  of  single  strokes  during  the  trial;  finally  correcting  for  the  per- 
centage of  leakage  of  the  pump.  In  a  rotary  pump  the  work  done  is  found  by 
multiplying  the  weight  of  water  discharged  during  the  trial,  as  determined  by 
weir  or  other  measurement,  by  the  total  head  in  feet. 

The  duty  per  1000  pounds  of  dry  steam  is  found  by  dividing  the  foot- 
pounds of  work  done,  as  noted  above,  by  the  total  weight  of  dry  steam,  and 
multiplying  the  quotient  by  1000. 

(c)  Capacity.  The  capacity  in  gallons  per  24  hours  for  reciprocating  pumps  is 
found  by  multiplying  the  net  area  of  the  plunger  by  the  length  of  the  stroke 
in  feet  (in  direct-connected  engines  the  average  length  of  stroke);  then  by  the 
number  of  single  strokes  per  minute;  and  the  product  of  these  three  by  the 
constant  74.8;  finally  correcting  for  the  percentage  of  leakage  of  the  pump. 

(d)  Leakage  of  Pump.  The  percentage  of  leakage  is  the  percentage  borne  by 
the  quantity  of  leakage  found  on  the  leakage  trial,  to  the  quantity  of  water 
discharged  on  the  duty  run  determined  from  plonger  displacement. 

(e)  Friction.  The  percentage  of  total  friction  in  a  reciprocating  pump  is  the 
percentage  borne  by  the  friction  horse  power  to  the  indicated  horse  power  of 
the  steam  cylinders. 

(J)  Miscellaneous.  For  the  calculation  of  other  results  pertaining  specially  to 
the  performance  of  the  steam  end  of  a  reciprocating  pump,  reference  may  be 
made  to  the  Steam  Engine  Code. 


8.  DATA  AND  RESULTS. 

The  data  and  results  should  be  reported  in  accordance  with  the  form 
given  herewith,  adding  lines  for  data  not  provided  for,  or  omitting  those 
not  required,  as  may  conform  to  the  object  in  view. 

In  the  case  of  a  pumping  engine  of  the  reciprocating^  class  for  which 
a  record  of  the  complete  performance  is  desired,  the  additional  engine 
data  and  results  given  in  the  Complete  Form  of  the  Steam  Engine  Code 
may  supplement  those  here  given. 

*  If  there  is  a  material  difference  in  velocity  of  the  water  at  the  points  where  the  gauges  are  attached, 
%  correction  should  be  made  for  the  corresponding  difference  in  "  velocity  head." 
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DATA  AND  RESULTS  OF  DUTY  TRIAL  OF  STEAM  PUMPING 

MACHINERY. 

CODE  OF  1912. 

(1)  Test  of pump,  located  at 

to  determine ,  conducted  by 

(2)  Type  of  machinery 

(3)  Rated  capacity  in  gallons  per  24  hours 

(4)  Type  of  boiler 

(5)  Type  of  auxiliaries 

(6)  Dimensions  of  engine  or  turbine 

(7)  Dimensions  of  pump 

(8)  Dimensions  of  boilers 

(9)  Dimensions  of  auxiliaries 

(10)  Dimensions  of  condenser 

(11)  Date 

(12)  Duration to. 

AVE&AGB  PbMSURBB  AND  TufFSBATUBBB. 

(13)  Steam  pressure  at  boiler  by  gauge lb.  per  §q.  k. 

(14)  Steam-pipe  pressure  near  throttle,  by  gauge lb.  per  sq.  in. 

(15)  Barometric  pressure  of  atmosphere  in  inches  of  mercury «• 

(16)  Pressure  in  receiver  by  gauge lb.  per  sq.  in. 

(17)  Vacuum  in  condenser  in  inches  of  mercury in. 

(18)  Pressure  in  force  main  by  gauge lb. 

(19)  Pressure  in  suction  main  by  gauge lb. 

(20)  Vertical  distance  between  centers  of  two  gauges ft. 

(21)  Total  head,  expressed  in  lb.  pressure lb. 

(22)  Total  head,  expressed  in  feet ft. 

(23)  Temperature  of  main  supply  of  feed  water  to  boilers deg. 

(24)  Temperature  of  additional  supplies  of  feed  water deg. 

(25)  Temperature  of  air  in  engine  room deg. 

Total  Quantities 

(26)  Water  fed  to  boilers  from  main  source  of  supply lb. 

(27)  Water  fed  from  additional  supplies lb. 

(28)  Total  water  fed  to  boilers  from  all  sources lb. 

(20)  Moisture  in  steam  or  superheating  near  throttle per  cent  or  deg. 

(30)  Factor  of  correction  for  quality  of  steam,  dry  steam  being  unity 

(31 )  Total  dry  steam  consumed  for  all  purposes lb. 

(32)  Total  leakage  of  plungers  and  valves gal- 

(33)  Total  number  of  gallons  of  water  discharged: 

(a)  By  plunger  displacement,  uncorrected gal. 

(h)  By  plunger  displacement,  corrected  for  leakage gal- 

(r)  By  weir  or  other  measurement  of  discharge gal. 

(34)  Total  weight  of  water  discharged: 

(a)  By  plunger  displacement,  corrected lb. 

(b )  By  measurement  of  discharge B>. 
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* 

Hourly  Quantities. 

Water  fed  from  main  source  of  supply lb. 

Water  fed  from  additional  supplies lb. 

Total  water  fed  to  boilers  per  hour lb 

Total  dry  steam  consumed  per  hour lb. 

Loss  of  steam  and  water  per  hour  due  to  drips  from  main  steam  pipes  and 

to  leakage  of  plant lb. 

Net  dry  steam  consumed  per  hour lb. 

Dry  steam  consumed  per  hour: 

(a)  By  main  engine  or  turbine lb. 

(6)  By  auxiliaries lb. 

Water  discharged  per  hour: 

(a)  By  plunger  displacement,  corrected lb. 

(6)  By  measurement  of  discharge lb. 

Heat  Data. 

Heat  units  per  lb.  of  dry  steam  based  on  temperature,  Line  23 B.t.u. 

Heat  units  per  lb.  of  dry  steam  based  on  temperature,  Line  24 B.t.u. 

Heat  units  consumed  per  hour  based  on  main  supply  of  feed B.t.u, 

Heat  units  consumed  per  hour  based  on  additional  supplies  of  feed B.t.u. 

Total  heat  units  consumed  per  hour  for  all  purposes B.t.u. 

Loss  of  heat  per  hour  due  to  leakage  of  plant,  drips,  etc B.t.u. 

Net  heat  units  consumed  per  hour B.t.u. 

Heat  units  consumed  per  hour: 

(a)  By  engine  or  turbine  alone B.t.u. 

(6)  By  auxiliaries B.t.u. 

Indicator  Diagrams. 
Mean  effective  pressure lb. 

Speed  and  Stroke. 

Revolutions  per  minute rev. 

Number  of  single  strokes  per  minute strokes. 

Average  length  of  stroke ft. 

Power. 

Indicated  horse  power  developed: 

1st  cylinder i.h.p. 

2d  cylinder i.h.p. 

Whole  engine i.h.p. 

Water  horse  power h.p. 

Friction  h.p.  (Line  55  —  Line  56) r.h.p. 

Percentage  of  i.h.p.  lost  in  friction per  cent. 

Duty. 

Duty  per  million  heat  units ft. -lb. 

Duty  per  thousand  lb.  of  steam ft.-lb. 
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JLES  FOR  CONDUCTING  TESTS  OF  COMPLETE  STEAM  PUMPING 

MACHINERY  PLANTS.* 

A.S.M.E.  Code  of  1012. 
1.  OBJECT  AND  PREPARATIONS. 

This  code  applies  to  a  commercial  test  of  a  complete  steam  pumping 

tchinery  plant,  having  for  an  object  the  determination  of  the  fuel 

$t  of  pumping  a  given  quantity  of  water  for  a  day's  run  of  24  hours. 

r  tests  of  the  component  parts  of  the  plant,  rules  may  be  found  in 

5  respective  codes  applying  thereto. 

Read  the  general   instructions  given  in  Appendix  A.    Take  the 

aensions,  note  the  physical  conditions,  examine  for  leakages,  install 

;  testing  appliances,  etc.,  as  there  pointed  out  and  prepare  for  the 

t  accordingly. 

[n  a  reciprocating  pump,  ascertain  the  quantity  of  water  leakage  or 

)  past  the  plungers,  and  that  of  the  pump  valves. 

2.  FUEL. 

Determine  the  character  of  the  fuel  to  conform  with  the  object  in 

w.     To  obtain  maximum  economy  or  capacity,  the  fuel  should  be 

ne  kind  of  coal  that  is  regarded  as  a  standard,  as  noted  in  the  Boiler 

de. 

3.  APPARATUS  AND  INSTRUMENTS. 

The  apparatus  and  instruments  required  for  a  simple  performance 
t  of  a  complete  pumping  machinery  plant  are: 

(a)  Platform  scales  for  weighing  coal  and  ashes. 
(6)  A  coal  calorimeter. 

(c)  A  tachometer  or  other  speed-measuring  apparatus. 

(d)  A  pressure  gauge  attached  to  the  force  main. 

(e)  For  rotary  pumps,  a  weir  or  other  means  for  measuring  the  quantity  of  water 

pumped. 
(J)  Stroke  scales,  for  direct-acting  pumps. 

It  the  test  also  involves  the  determination  of  boiler  performance 
d  pumping  machinery  performance,  additional  apparatus  and  in- 

*  Preliminary  report  of  the  Committee  on  Power  Tests.    (Jour.  AJ3.MJ3.9 1 

2.) 
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8truments  are  required,  as  pointed  out  in  the  respective  codes  referring 
thereto. 

4.  OPERATING  CONDITIONS. 

Determine  what  the  operating  conditions  should  be  to  conform  to 
the  object  in  view,  and  see  that  they  prevail  throughout  the  trial. 

5.  DURATION. 

The  duration  of  a  test  of  a  complete  pumping  machinery  plant  should 
be  not  less  than  one  day  of  24  hours. 

In  cases  where  the  machinery  is  in  operation  only  a  part  of  the  calen- 
dar day,  the  coal  consumption  used  in  computing  the  results  should 
be  that  of  the  entire  24  hours. 

6.  MISCELLANEOUS. 

The  methods  of  starting  and  stopping  a  test  of  a  complete  pumping 
plant,  sampling  and  drying  coal,  determining  ashes  and  refuse,  and 
ascertaining  the  calorific  value  and  chemical  analysis  of  the  coal,  are 
the  same  as  those  described  in  the  Code  for  Complete  Steam  Power 
Plants. 

7.  CALCULATION  OF  RESULTS. 

For  the  calculation  of  water  horse  power,  duty,  capacity,  and  leak- 
age of  pump,  reference  may  be  made  to  the  explanations  given  in  the 
Pumping  Engine  Code. 

8.  RECORDS,  DATA,  AND  RESULTS. 

The  records  should  be  made  as  explained  in  Appendix  A,  and  the 
tabular  summary  of  data  and  results  reported  in  accordance  with  the 
form  given  herewith,  adding  lines  not  provided  for,  or  omitting  those 
r.ot  required. 


\UVV    AND    RESULTS   OF   TEST   OF   STEAM    PUMPING   MACHINERY 

PLANT. 

(•ODE   OF    1912. 


"  V  »<"     plant  located  at ...  . 

o  vioWTininc conducted  by 

■  v   *."  iv.aohinery 

•\  .■.•■    -i-Vvwitv  in  gallons  per  24  hrs 

"    ■»..    .  .vtjors 

"    -    ■    ^..vlvaries 

"  tti-5*.-j>  :»"  roAchinery 

"•.rs.-8**.  ^  v  S?dcrs 
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(8)  Dimensions  of  auxiliaries 

(9)  Dimensions  of  condenser 

(10)  Date 

(1 1)  Duration hr. 

(12)  Length  of  time  machinery  was  in  motion  with  throttle  open hr. 

(13)  Length  of  time  machinery  was  running  at  normal  speed hr. 

Average  Pressures  and  Temperatures. 

(14)  Steam  pressure  at  boiler  by  gauge lb.  per  sq.  in. 

(15)  Pressure  in  force  main  by  gauge lb. 

(16)  Pressure  in  suction  main  by  gauge in. 

(17)  Vertical  distance  between  centers  of  two  gauges ft. 

(18)  Total  head  expressed  in  lb.  pressure lb. 

(19)  Total  head  expressed  in  feet ft. 

Speed  and  Stroke. 

(20)  Revolutions  per  minute rev. 

(21)  Number  of  single  strokes  per  minute strokes. 

(22)  Average  length  of  stroke ft. 

Total  Quanthies. 

(23)  Total  coal  as  fired lb. 

(24)  Moisture  in  coal per  cent. 

(25)  Total  dry  coal  consumed lb. 

(26)  Ash  and  refuse lb. 

(27)  Percentage  of  ash  and  refuse  to  dry  coal per  cent. 

(28)  Calorific  value  per  lb.  of  dry  coal  by  calorimeter  test B.t.u. 

(29)  Cost  of  coal  per  ton  of lb dollars. 

(30)  Total  leakage  of  plungers  and  valves gal. 

(31)  Total  number  of  gals,  of  water  discharged: 

(a)  By  plunger  displacement,  uncorrected gal. 

(6)  By  plunger  displacement,  corrected  for  leakage gal. 

(c)  By  weir  or  other  measurement    gal. 

Hourly  Quantities. 

(32)  Dry  coal  consumed  per  hour,  based  on  duration  of  running  period  (Line  25 

-*-  Line  12) lb. 

Power. 

(33)  Water  horse  power h  .p. 

Economy  Results. 

(34)  Dry  coal  consumed  per  water  h.p.  per  hour lb. 

(35)  Cost  of  coal  per  water  h.p.  per  hour cents. 

(36)  Duty  per  100  lb.  of  dry  coal 

Capacity. 

(37)  Number  of  gal.  of  water  pumped  in  24  hr. : 

(a)  By  plunger  displacement,  corrected  for  leakage gal. 

(6)  By  weir  or  other  measurement gal. 

(38)  Number  of  gal.  of  water  pumped  per  minute: 

(a)  By  plunger  displacement,  corrected  for  leakage i 

Q>)  By  weir  or  other  measurement 
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t'cet,  and  the  number  of  single  strokes  per  minute;  and  dividing 
r  by  33,000. 

vork  at  the  air  end  of  either  reciprocating  or  rotary  machines, 

1  foot-pounds  per  minute,  is  found  by  multiplying  the  corrected 

1  lie  compressed  air  in  cubic  feet  discharged  into  the  main  delivery 

iinute,  by  the  impact  or  total  pressure  in  pounds  per  square  feet 

:c  hyperbolic  logarithm  of  the  ratio  of  the  total  pressure  to  the 

•trio  pressure  (all  pressures  being  absolute  pressures).    The  net  air 

wer  is  found  by  dividing  the  product  by  33,000.    The  corrected 

■jf  the  compressed  air  may  be  found  by  multiplying  the  sectional 

the  delivery  main  in  square  feet  by  the  mean  velocity  in  feet  per 

:i8  determined  by  pitot  tube  or  other  measurement,  and  reducing  the 

o  atmospheric  temoerature  by  multiplying  by  the  proportion 

460  +  t 
460  +  7^ 

:iieh  t  is  the  temperature  of  the  air  supplied  to  the  machine  and  T  the 
perature  of  the  air  in  the  delivery  main. 

^opacity.    The  capacity  is  the  number  of  cubic  feet  of  air  discharged 

ough  the  delivery  main  per  minute,  as  determined  by  gasometer,  tank  or 

iier  mode  of  measurement,  reduced  to  the  equivalent  free  air  at  the  atmos- 

oeric  temperature  and  pressure.    The  correction  for  pressure  is  made  by 

p 
multiplying  by  the  proportion  -^ ,  in  which  Pi  is  the  atmospheric  pressure 

and  Pi  the  total  pressure  in  the  main  (absolute  pressures),  and  the  correction 
for  temperature  as  above. 

The  capacity  may  also  be  expressed  in  the  number  of  cubic  feet  of  com- 
pressed air  discharged  per  minute  at  a  given  pressure  above  the  atmosphere 
reduced  to  the  atmospheric  temperature. 

c)  Miscellaneous.  For  methods  of  calculating  results  pertaining  especially 
to  the  performance  of  the  steam-end  of  a  reciprocating  air-pumping  machine, 
reference  may  be  made  to  the  Steam  Engine  Code. 

The  "efficiency  of  compression "  in  a  reciprocating  machine  is  determined 
by  first  ascertaining  the  net  work  at  the  air  end  given  above  under  the  head- 
ing, "  (a)  Air  Horse  Power,"  and  then  dividing  the  net  work  thus  found  by 
the  gross  work  given  under  the  same  heading. 

The  "mechanical  efficiency"  of  a  reciprocating  machine  is  determined  by 
dividing  the  gross  air  horse  power  at  the  air  end  by  the  indicated  horse  power 
at  the  steam  end,  or  by  the  horse  power  delivered  by  the  belt  or  motor  in  the 
case  of  other  means  of  driving. 


8.   DATA  AND  RESULTS. 

Che  data  and  results  should  be  reported  in  accordance  with  the  form 
en  herewith,  adding  lines  for  data  not  provided  for  and  omitting 
>se  not  required,  as  may  conform  with  the  object  in  view, 
n  the  case  of  an  air-pumping  machine  of  the  reciprocating  class  f< 
ich  a  record  of  the  complete  performance  is  desired,  the  addftk 
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engine  data  and  results  given  in  the  Complete  Form  of  the  Steam 
Engine  Code  may  supplement  those  here  given: 


DATA  AND  RESULTS  OF  TE8T  OP  AIR  MACHINERY. 

CODE  OF  1912. 

(1)  Test  of located  at 

to  determine conducted  by 

t2)  Type  of  machinery 

(3)  Rated  capacity  in  cu.  ft.  of  free  air  per  minute 

(4)  Rated  capacity  in  cu.  ft.  of  air  discharged  per  minute  at  100  Ob.  persq.  in. 

above  atmosphere,  reduced  to  the  atmospheric  temperature cu.fr. 

(5)  Type  of  boilers 

(6)  Type  of  auxiliaries 

(7)  Dimensions  of  engine  or  turbine  at  steam  end 

(8)  Dimensions  of  cylinders  or  blowers  at  air  end 

(9)  Dimensions  of  boilers 

(10)  Dimensions  of  auxiliaries 

(11)  Dimensions  of  condenser 

(12)  Date 

( 13)  Duration hr. 

Average  Pressures  and  Temperatures. 

(14)  Steam  pressure  at  boiler  by  gauge lb.  per  sq.  in. 

(15)  Steam-pipe  pressure  near  throttle,  by  gauge lb.  per  sq.  in. 

(16)  Barometric  pressure  of  atmosphere  in  in.  of  mercury in. 

(17)  Pressure  in  receiver  by  gauge lb.  per  sq.  in. 

(18)  Vacuum  in  condenser  in  in.  of  mercury in. 

(19)  Pressure  in  delivery  main  by  gauge  (impact  pressure) lb. 

(20)  Total  head,  expressed  in  ft fr 

(21)  Temperature  of  main  supply  of  feed  water  to  boilers deg. 

(22)  Temperature  of  additional  supplies  of  feed  water deg. 

(23)  Temperature  of  air  in  engine  room  or  air  supplied  to  machine deg. 

(24)  Temperature  by  wet-bulb  thermometer deg. 

(25)  Temperature  of  air  in  delivery  main deg. 

Total  Quantities. 

(26)  Water  fed  to  boilers  from  main  source  of  supply ft>. 

(27)  Water  fed  from  additional  supplies lb. 

(28)  Total  water  fed  to  boilers  from  all  sources lb. 

(20)  Moisture  in  steam  or  superheating  near  throttle per  cent  or  deg. 

(30)  Factor  of  correction  for  quality  of  steam,  dry  steam  being  unity 

(3D  Total  dry  steam  consumed  for  all  purposes lb. 

(32 1  Total  cu.  ft.  of  compressed  air  delivered  as  measured cu.ft. 

(33)  To'tal  cu.  ft.  of  compressed  air  delivered  reduced  to  atmospheric  tempera- 

ture and  pressure lb. 

(34)  Total  weight  of  air  delivered lb. 
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Hourly  Quantities. 

'35)  Water  fed  from  main  source  of  supply lb. 

36)  Water  fed  from  additional  supplies lb. 

[37)  Total  water  fed  to  boilers  per  hour lb. 

]38)  Total  dry  steam  consumed  per  hour lb. 

39)  Loss  of  steam  and  water  per  hour  due  to  drips  from  main  steam  pipes  and 

to  leakage  of  plant lb. 

'40)  Net  dry  steam  consumed  per  hour . .  lb. 

^41)  Dry  steam  consumed  per  hour: 

(a)  By  main  engine  or  turbine lb. 

(6)  By  auxiliaries lb. 

£42)  Cu.  ft.  of  compressed  air  delivered  per  hour  as  measured cu.  ft. 

£43)  Cu.  ft.  of  compressed  air  delivered  per  hour  reduced  to  atmospheric  tem- 
perature   cu.  ft. 

(44)  Cu.  ft.  of  compressed  air  delivered  per  hour  reduced  to  atmospheric  tem- 

perature and  pressure cu.  ft. 

(45)  Weight  of  air  delivered  per  hour lb. 

Heat  Data. 

(46)  Heat  units  per  lb.  of  dry  steam  based  on  temperature  Line  21 B.t.u. 

(47)  Heat  units  per  lb.  of  dry  steam  based  on  temperature  Line  22 B.t.u. 

^48)  Heat  unite  consumed  per  hour  based  on  main  supply  of  feed B.t.u. 

(49)  Heat  units  consumed  per  hour  based  on  additional  supplies  of  feed B.t.u. 

(50)  Total  heat  units  consumed  per  hour  for  all  purposes B.t.u. 

(51)  Loss  of  heat  per  hour  due  to  leakage  of  plant,  drips,  etc B.t.u. 

(52)  Net  heat  units  consumed  per  hour B.t.u. 

(53)  Heat  units  consumed  per  hour: 

(a)  By  engine  or  turbine  alone B.t.u. 

(6)  By  auxiliaries B.t.u. 

Indicator  Diagrams. 

(54)  Mean  effective  pressure  in  steam  cylinders lb. 

(55)  Mean  effective  pressure  in  air  cylinders lb. 

Speed  and  Stroke. 

(56)  Revolutions  per  minute rev. 

(57)  Number  of  single  strokes  per  minute strokes. 


Power. 

(58)  Indicated  horse  power  developed  at  steam  end  of  reciprocating  machine  . . .i.h.p. 

(59)  Gross  air  horse  power  as  indicated  in  air  cylinders  of  reciprocating 

machine air  h.p. 

(60)  Net  air  horse  power  as  computed  from  Line  43 air  h.p. 

(61)  Friction  of  reciprocating  machine  (Line  58  —  Line  59) fr.h.p. 

(62)  Percentage  of  i.h.p.  lost  in  friction  of  machine per  cent. 
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Economy  Results,  Steam  End  op  Enqine-dhiven  Machines. 

(88)  Hf-«t  units  consumed  per  i.h.p.  per  hour: 

(a)  By  engine  and  auxiliaries B. 

(6)  By  engine  alone _B, 

(c)  By  auxiliaries B. 

(64)  Dry  steam  consumed  per  i.h.p.  per  hour:* 

(a)  By  engine  and  auxiliaries .fc 

(h)  By  engine  alone b 

(c)  By  auxiliaries 

Economy  Results,  Am  Delivered. 
(66)  Heal  units  cotisumed  per  hour  jwr  net  air  h.p.  of  Line  60: 

(u)  By  engine  or  turbine  and  auxiliaries 

(6)  By  engine  or  turbine  alone 

(c)  By  auxiliaries , . 

(86)  Dry  steam  consumed  per  hour  per  net  h.p.  of  Line  60: 

(a)  By  engine  or  t  urbinc  mid  a  nx  dairies ,  - 

(6)  By  engine  or  turbine  alone lb. 

(c)  By  auxiliaries 


Efficiency  Results. 

(67)  Thermal  efficiency  ratio  for  engine  alone: 

(u)  Per  i.h.p.,  steam  end  (2545  -r-  Line  635) per 

(b)  Per  net  air  h.p.,  air  delivery  (2545  ■=■  Line  656) per  cat. 

VVosk  Done  per  Heat  Unit. 

(68)  Ft.-lb.  of  net  work  per  B.t.u.  consumed  by  engine  or  turbine  and  auxil 

ries  (1,980,000  *  Line  65a) 


Capacity. 

(69)  Cu.  ft.  of  compressed  air  delivered  per  minute  as  measured cu.ft. 

(70)  Cu.  ft.  of  compressed  air  delivered  per  minute,  reduced  to  atmospheric 

temperature cu.ft. 

(71)  Cu.  ft.  of  compressed  air  delivered  per  minute  at  100  lb.  pressure,  reduced 

to  atmospheric  temperature cu-ft 

(72)  Cu.  ft.  of  compressed  air  delivered  per  minute,  reduced  to  atmospheric 

temperature  and  pressure  (free  air) cu.ft. 

Miscellaneous  Results. 
Steam-driven  Reciprocating  Machine. 

(73)  Efficiency  of  compression  (Line  60  -=■  Line  59  X  100) per  cent. 

(7-1)  Mechanical  efficiency  of  machine  (Line  59  *  Line  58  X  100) per  cent. 

(75)  Volumetric  efficiency  (Line  72  ■*■  1st  Compr.  Displ.  X  100) per  cent. 

*  The  i.  Ii.i).  on  which  them-  itoibiiiv  rraiulta  are  based  ia  that  of  the  main  angina  (mm  in  Line  SS. 

Multi:  In  ilu>  ™w  of  nir  romiircivioro  having  more  than  one  Mace  und  in  those  having  intarsxfen 
K.liliiHiiinl  dniu  should  he  riven  iiovprinn  pressure*  mad  temperaturee  in  tha  different  ■Ucea.UH  qna> 
my  ol  water  used  [or  cooling  and  rempei&tura  of  tha  air  and  water  entartni  and  leaving  tha  wok*. 


APPENDIX  I 


961 


> 

Q 

s 

a 

as 


o 
& 


Density 

Weight  per 

Cubic  Foot, 

Pounds. 

>« 

000340 
000656 
000961 

001259 
001555 
001850 

002143 
002431 
002719 

00300 
00576 
00845 

01107 
01364 
01616 

01867 

02115 

.02361 

.02606 

02849 

.03090 

ooo 

ooo 

ooo 

ooo 

ooo 

ooo 

ooo 

Specific 
Volume. 

60 

ooo 

ooo 

ooo. 

o  *o  *o 

CO  o 
IO  CO  00 

tot*  to 

*0  CM  CO 

oo  o  to 

CO  v- •  CO 

2935 
1524 
1041 

!f  CJ  -* 
O  ^*  ^ 

t>»  to  »o 

NC4N 

to  -*  to 

^  ^  CO 

CO  CO  oo 
CO  t>-  -* 

CO  -«  -* 

O  co  -^ 
O  t>-  t» 

CO  N  CM 

OO  IO  CM 
CO  CO  CO 

Total 
Entropy. 

k|fci 

+ 

oo  t»  io 

CM  CM  t>- 

N  ^  t>- 

^  ^  o 

0530 
0332 
0184 

CO  CM  CO 
•O  **  "*« 

o  O  OO 

ooo 

tooo 
io  oo  ^ 
t>-  »-i  oo 
o  O  OO 

**  CM  »0 

»-"  co  oo 

CO  **  CM 

oo  oo  oo 

»-«  co  oo 
to  »o  *o 
^  oo 

O0O0N 

«*  r»  r» 

N090 

oo  t>- 1>- 
t>»  t>-  t>- 

cm  cm  cm 

CM  cm  cm 

Entropy 
of  the 
Vapor. 

w|fc 

to  ^  to 

toon 

(DNh 

^  oo 

eot4»o 

t*  ^«   ^H 

ooo 

to  t»  oo 

CO  ^  t>- 

o  r-  io 
oo  oo  oo 

n  ~  o 

CM  CO  ^ 

^*  ^  oo 
oo  t»  to 

to  ^  ^ 

«-"O0iH 

tooo 
to  co  *o 

CM  O  CM 

oo  oo  o 

kO  CO  CM 

«o  »o  »o 

CM  IO  O 

O00N 
»o  ^«  ^« 

CM  CM  CM 

Entropy 

of  the 

Liquid. 

« 

0062 
0423 
0640 

0800 
0926 
1029 

NiOlO 

HOXO 

^  »-«  CM 

*+  1^  ~* 

NCDOO 
CM  "*«  O 

CO  t>-  o 

OO  OO  ^H 
O  **  f- 

^  co  »o 

CM  CM  CM 

o  co  to 
N  N  to 
to  CO  N 
CM  CM  CM 

NMN 
CO  O  CO 

oo  o  o 

CM  CM  CM 

ooo 

ooo 

ooo 

ooo 

ooo 

ooo 

ooo 

Heat 

Equivalent 

of 

External 

Work. 

* 

*l*0<D 

•o  CO  o 

«*  o-* 

n  co  oo 

OO00 

<*  o«o 

^h  io  oo 

«o  «o  »o 

00  o>  O) 

io  *o  *o 

o  -«  -« 

to  to  to 

»-« **  »o 
to  to  to 

t»  oo  oo 
co  co  to 

ooo 

«o  n  N 

t»  r-  t>- 

Heat 

Equivalent 

of 

Internal 

Work. 

a 

cocmn 

*t  «oo 

N  GO  CM 

or*  -^ 

to  ^  o 

"*  CM  ^ 

o  oo  oo 

~*oo 
ooo 

ejt^co 

o>  00  oo 
o  o  o 

ONV) 

oo  t»N 
ooo 

o  to  to 

t*  «o  ■*< 
o  o  o 

oo  cm  r* 

CO  CO  CM 

ooo 

CM  -*  ^ 

ooo 

O  N  "^ 

i-i  o  o 

o  o  o 

Total 
Heat. 

+ 

k 

1 

<< 

r-ooo 

tO  tO  ~H 

co  cm  o 

<*  o«o 

■QiON 

»0  O  -H 

HflJlO 

«*  cmn 

t»  oo  oo 
ooo 

o  o  o 
ooo 

ooo 

O  «-*  CM 

to  o  CO 

CM  CO  CO 

«0  0)H 

CO  CO  ^ 

CO  ^  CO 

**  ^«  "*• 

Heat  of 
Vapori- 
zation. 

k 

t»  to  co 

to  o  oo 

^  n-  to 

to  O  CO 

t*  co  oo 

00  CM  O 

O  CM  CO 

~4   -*  »0 

n-  to  to 
ooo 

ONCO 

io  ^  ■*< 
ooo 

— i  oo  to 
*^*  co  co 
ooo 

CO  CM  •-* 

ooo 

io  o  *o 
ooo 
ooo 

^  oo  »o 
o  oo  oo 
o  o  o 

CM  O  CO 

oo  ^  ^ 

o  o  o 

Heat  of 

the 
Liquid. 

c» 

up  co  r>- 

io**-* 

ON  CO 

00*0*^ 

i-*  **«  CO 

oo  o  ■*< 

o  ~*  o 

t»O0  CM 

~*  t>»  o 

co  ^  cm 

CM  CO 

O  r*  «** 
^  -*«  io 

oo  cm  to 

io  to  to 

o  *^*  o 
<o  o  o 

o  on 

CM  CO  CO 

^  o  to 
^«  »o  »o 

HlOO» 

co  to  to 

Tempera- 
ture, 
Degrees  F. 

*• 

eo*o  o> 

O  ^  "^ 

•^QOCl 
O  CO  CO 

oo  to  co 

*-i  ^«  CO 

CO  IO  CM 

oo  ^  *o 

^  OO  CO 
O  CM  O 

ICON 
OO  OO  CM 

CM  iO  CO 

cm  r>»  o 

•o  co  ■*< 
CO  ioco 

r-  n  oo 

o  **  oo 
o  o  o 

i-i  to  -^ 

ON^» 

CO  CM  O 

»o  to  N 

CO  CM  OO 

r-  oo  oo 

CON  «h 

ooo 

Absolute 

Pressure, 

Pounds  per 

Square 

Inch. 

a. 

-*  CM  CO 

t«o» 

NXO) 

*-»  CM  CO 

«*  to  CO 

t»  oo  o 

OOO 

ooo 

ooo 

O  *^  CM 

r-*  *-*  ^H 

89 

1 

a 

a 


& 

c 

I 

i 

99 


C 

3 

e 

« 

A 

10 

•  mm 

"2 

« 
J3 

«•* 

o 
>. 

S 

U 

9 


962 


STEAM    POWER-PLANT    ENGINEERING 


Sr3 


S8 
S3 


ooo 


Ci  «-H 

odd 


•^        C*tNCO 

CO        NQOO 


OOO      OOO      ooo 


odd     dec 


03 


£-9GQ      ^SP      ®^oo      NfcO©      rr'^'O     SfiS 
N       WOW       NOC**       C0»ON»       »-«cOC5       OOtt^      oCO-r 

Ogccd      58©*°      eo^O      cJoot^      rococo 


88.** 


iQiftO       ^"W 


I 


i 


3 
B 

Q 
W 
H 


IS 


M5* 

+ 


n-n-n- 


S8S 
CO  i-i 


s 


8 


CO  CO  CD      cccc 


w|E* 


^  ^*  TH        *3*  CO  CO        CO 


sss 


-  — .  ^        NCOCO       CON 

OCif-H  »-«  fH  *H         »***  — 


S-c-g 


-HOC 


2    S3 


CN^f  ^ 


CO  CO  CO 

odd 


co  co  co 
odd 


odd 


^cocp  .    _^ 

qhh  £233! 

^f  ^*  ^*  ,|9'  ^*  ^w* 

odd  odd 


OOO       CCC 


C*  CO  Ci        OS  CO  CO        tNO&CO        hOO»       N  00  *h        K5NO       C4CN 

cNCsicsi     csirj«*a     ededr^     odoooo     dcid      do-*     -«r*,", 
nnn-     nnn      nnK-     nnn     nF-od      oooo»     xocac 


5/1 

Dm 

O 

S3 

Ok 

s 

i 


c      _ 
*      a    ■ 

»  ^  c  V  c 
=  5,     c* 


O  CO  CO        XXX        O  *-«  Ci        WON        CO-fCO        *C  X  CO        CNC 


-ri 


£1  Ci  l>- 

>K    «**•>    >^ 

w     ^^«     W» 

Ci  X  X 


CO  iC  CO         Ci  CN  »f 
Ci  X  N        CO  CO  ^ 

xxx      x  x  a 


§S§    ggs    §322    «ss 

XXX       xxx       XXX       XXX 


I5] 

1*1 


©  -r  ~f      n-  cn  *r 

"f  'I*  »£         iO  »0  CD 


Ci  X  <**         CO  CO  "* 


xr.o      Q^o      ^  3*  3      ~^  co  »o      Npo©      i-rcsiro 


©*ox 

NX)ci 
n-n-  n- 


^CNJ  CO 

x  xa£ 


CN  Ci-t< 

i»oo 

^  Ci  CO 

<M  >0  0 

CiOCN 

N-  CO  — ' 

— :  -.  ^ 

*r  — •  © 

t? '-?  U: 

W«    W»    "■*• 

•CiQC^ 
CO  C£  'O 

Ci     W«    Ci 

*f  CO  CO 

Ci  Ci  Ci 

X  ^  Oi 
Ci  Ci  Ci 

w*  ,w*  Cj 

2JN 

$5x 

XXX 

X  O  w 

©"H*"* 

X  Ci  »-i 

"*•  *-«  CO 

*-«  N»CO 

^c« 

»^l  1^  *^ 

l^  l'.  J: 

— '  COX 

2  =  8 

X  N-CO 
CN  6^  ?J 

CO  OCO 

N-CN  CO 

w    w    '"^ 

^^^ 

i.O   w   •— ' 

N  O  Ci 

f^     -^     -^ 

CO  c  X 

CO  x  o 
cn6i  c5 

C  Ci  N 
i?5  »f^  co 
c>5  ?\  c^i 

»^  X  X 

cs  ?4  ^ 

^J  X  N 

?i  ?i  co 

NMO 

©  — ^  «-^ 

"»^    <"<r»    *^» 

C  -r  r- 
5i  rj  n 

«N^   *«•»   -«»» 

CO  CO  'T 

».o  o  »-o 

Tf  o  >o 

c»co 

COCON- 

15S2 

s  ci  8 

APPENDIX    I 


963 


•       CO«-Hs.  C4NC0  QtQO  C9QQCO  oocnn  C*                       

qpoo  QOi-i  cSeJeN  e6co^  ^toto  SP^tr:  noooo  ©oo  -ncoto 

3  53N9Q  Q^S*  co^to  «t»x  ©qh  Qco^!  tocON  »otN  ^os^ 

4  CNC*t>l  COCOCO  COCOCO  COCOCO  C0^^»  ^rP^  Tf^Tt<  ^»^iO  totoco 

5  ooo  ooo  odd  odd  odd  odd  odd  odd  odd 

3       CD  COO*  ^OC<  N03  CQiOCJ  CO  00  CO  ©ON  ^95^  CO^"**  OCOh. 

o      oiooto  co»^-h  ^5£2  ««fcQ  cooQ  SS5£Q  oocoo  ^JQCI  tOQC1^ 

0     n  25  ■**  cco^  oooo  n  co  co  «o^,^<  co  cn  cn  -h  -h  o  ooo  oo  coio 

o     co'coco  co  coco  co  cicsi  csicsicsi  esi  esi  cn  tN  esi  ci  cn  esi  esi  cn  cn  **  ^^^ 

>.       COON  SNO  N^O  "JON  CO  O  00  CO  CD  CD  CO  00  O  »-«»-*  Q>  CO  O  OS 

P       NCOQ  N"^^  OcOCO  »-«OCO  **V&Ci  NtOCO  ^Oib*.  C0"^0  NOCN 

5  OOOOOO  r^b*»N  COcOC©  ©tOtO  tfJtfjTf  ^  <<f  •*$  ^COCO  COCOCO  NH'H 
Q      iQiQtO  iO  to  to  tOtOtO  tO  tO  to  to  tO  to  tO  tO  tO  to  to  to  to  to  tO  to  to  to 

H         »-H  ^H  »-4  ^H  i— I  »-H  r- t  i-H  i— I  fH  i— I  H  fH  i-H  fH  HHH  fH  fH  »-H  »-H  f-4  i-H  t-H  t-H  H 

D       ^£QO  CNtOCN  QOJiH  CD  h  00  tO  "^  ^  COO  CO  -GOtO-H  O  00  CO  OOJh 

«     toctto  vnh  ^3  22  £2  n  o*  co  t-«cO«-h  $P ,— •  n  S2  2s  3!  ©ion  s  ^  *9i 

h     ooo  ooo  ooo  ooo  ooo  ooo  ooo  ooo  ooo 

h     r-I^^H  ^*^^  ^-I^hfm'  ^h'^^  ^-J^^  t^^o  odd  odd  odd 

>.       OO00  WNN  C^tOOO  OOO  00  CO  ^  O  N  CO  00  CO  00  C)  CO  CO  CO  Q  00 

Htoa  NNO  ^^5  29^0  CNtOOO  -*COCO  3?'-"CO  C©0$CO  NOON 

ooo  QQ-h  ^h  r-i  cn  cJeNO*  cococo  ^,^^  ^toto  io»oco  cpNoo 

"^^^  10*0*0  to  to  to  iO  tO  to  *0*0»0  tO  tO  to  to  to  tO  lOtOtO  tOtOtO 

6  odd  odd  odd  odd  odd  odd  odd  •  odd  odd 

0       tO  CD  00  OOO*  COtOCO  nooo  OhN  CO^tO  UDON  NGOO  1-iCOCO 

sL     csiesjcN  cjcoco  cococo  cococo  ^^j^  "£:£:£  "^"U^l  ^^to  tototo 

0       000000  000000  000000  000000  OOOOOO  000000  000000  000000  oooooo 

ft        C*COO  >OON  ^*H00  0*0^  ^-^^  -*»tOC©  OOOCO  tO»rt<  O  CN  00 

ft        OOO  00  00  00  OONN  NN§  COCOO  COtOtO  tOtOtO  SSS^S  t3cOC< 

-        NNN  Nt»N  NNN  NNN  NNN  NNN  NNN  NNN  NNN 

q       cp  ***  o  CO  C*  00  <^OtO  O^O  ^00W  NHiO  OOOCO  OCNO  tO00*-H 

§©S>!2  £?&9£ii  22!3!3!  *2»S»2  SP^^  noooo  oooo  &&&  ^cj^ 

00  O  O  OOO  OOO  OOO  OOO  OOO  OOO  0^0,0,  SP  fi « 

0       NNC0  OCO-^»  CNO00  «NN  00XO  O  C*  -^  CO  O  CN  ^«iC  COCOCO 

•  •     •     •  •••  ••■  •     •     »  •••  •■•  •••  •••  •■■ 

ft        h»^«W  QNiQ  CO-^00  CO^CN  O  00  CO  tft  CO  »-h  O  N  CO  ^00  CO  00  i-i 

*•      feliti  ^<o»  SSQ3  ^SKP  h'T^B  3*T^!  cococo  rtccw  ?5  i-h  r-t 

0       000000  00X00  OOOOOO  OOOOOO  OOOOOO  000000  000000  OOOOOO  oooooo 

D       CO»OCO  NCOt*  C^OCO  NNN  COO^  NO-h  W^rt<  iOtO-«l*  C9C4N 

ft     citood  rssCN  OcNto  oddco  toopd  csi^jn  o-*co  ionh  »o  -ijesi 

5      «-i^^  <M<NCN  s?£2£2  83^  33i2  »osi2  tococo  OCDts.  N«© 

Q        CO  CO  CO  CO  CO  CO  CO  CO  CO  CO  CO  CO  CO  CO  CO  CO  CO  CO  CO  CO  CO  CO  CO  CO  CO  CO  CO 

H        CO'^'^  CO»-i00  tOOO  OiOOO  »-iTt<CD  OOOO  OOO  OX"^  HiQiQ 

•  ••*  •••  •            •            •  •••  •••  .            •            •  •••  •••  •            •            • 

§«-H^r»  Qcoto  op»-«co  coopo  wion  O'-"-^?  /coooo  »hcon  fmon 

3!:t3!  Si2i2  tococo  ©On  nnn  nooco  xmoo  OOO  QQh 

cococo  cococo  cococo  cococo  cococo  cococo  cococo  cococo  ^,^^* 

©        fi'QS  WJQtO  OtOQ  tOOtO  QtOQ  tOQtO  O  tO  Q  WOO  O  tO  O 

H        CNClcO  CO^T^  tOtOcD  CONN  O0  00  O  °^S«  ^*^M  CJSS  3feS 


J 


APPENDIX  J. 

EQUIVALENT  VALUES  OF  ELECTRICAL  AMD  MECHANICAL  DBTTS. 


Mr  m  a  wait  = 

10  kilowatts 
10,000  watts 
13.41  horsepower 
13.51)7  chevul-vapeur 
13.597  pferde-kraft 
26,552,000  Foot  poiiDdn  per  hour 
S,6Q5,000  gram  calories  jier  hour 
3,670,000  kilogram  meters  per  hoar 
34,150  B.t.u.  per  hour 
1,02  boiler  horsy  power 

1  Horse  Power  ■ 

^  745.7  watts 

0.7457  kilowatt 
0.07457  myriawatt 
1.0139  clieval-vapeur 
1.0139  pferde-kraft 
33,000  foot  pounds  per  minute 
641,700  gram  calories  per  hour 
273,743  kilogram  meters  per  hour 
2,647  B.t.u.  per  hour 

1  Joule  - 

1  watt  second 
0.10197  kilogram  meter 
0.73756  foot  pound 
0.239  gram  calorie 


1,054  watt  seconds 
777.5  foot  pounds 
107.5  kilogram  meters 
horse-power  hour 


arbour 


1  Know  AIT  ■ 

0.1  myriawatt 
1,000  watte 
1.341  horse  power 
1.3597  theval-vapeur 
1.3597  pferde-kraft 
2,655,200  foot  pounds  per  hi 
860,500  gram  calories  per  hoar 
307,000  kilogram  meters  per  how 
3,415  B.t.u.  per  hour 
0.102  boiler  horse  power 

1  Cbeval-Vapbur  ob  PreRDB-KmrT  ■ 
75  kilogram  meters  persewnd 
0.07354  myriawatt 
0.7357  kilowatt 
0.9863  horse  power 
32,650  foot  pounds  per  minute 
632,900  gram  calories  per  hour 
2,512  B.t.u.  per  hour 


1  Poor  Pound  — 

1.3558  joules 
0.13826  kilogram  meter 
0.001286  B.t.u. 
0.03241  gram  calorie 
0.000000505  hone-power  hour 

1  Kilogram-Meter  ■» 
7.233  foot  pounds 
9.806  joules 
2.344  gram  calories 
0.0093  kilogram  meter 


APPENDIX  K. 

MISCELLANEOUS  CONVERSION  FACTORS. 


>  per  Square  Inch  =- 

>5    inches  of  mercury  at  32°  F. 
6    inches  of  mercury  at  62°  F. 

>  feet  of  water  at  62°  F. 

)31  kilogram  per  square   centi- 
meter 

104    atmosphere 

millimeters   of   mercury   at 
32°  F. 

op  Water  at  62°  F.  - 

13  pound  per  square  inch 
>5  pounds  per  square  foot 
J3  inch  of  mercury  at  62°  F. 
feet   of   air   at    62°  F.    and 
barometer  29.92 

op  Water  62°  F.  - 

51    pound  per  square  inch 
3      pounds  per  square  foot 
76    ounce  per  square  inch 
36    inch  of  mercury  at  62°  F. 
feet    of    air   at    62°  F.  and 
barometer  29.92 

op  Air  at  32°  F.  and  Barometer 

)2  = 

1  pound  per  square  foot 
6  inch  of  water  at  62°  F. 

op  Mercury  at  62°  F.  — 

12  pound  per  square  inch 

2  feet  of  water  at  62°  F. 
inches  of  water  at  62°  F. 


1  Atmosphere  = 

760.0      millimeters  of  mercury  at 
32°  F. 
14.7      pounds  per  square  inch 
29.921  inches  of  mercury  at  32°  F. 
2,116.0      pounds  per  square  foot 

1.033  kilograms  per  square  centi- 
meter 

1  Millimeter  =  0.03937  inch 

1  Centimeter  —  0.3937  inch 

1  Meter  =  39.37  inches 

1   Meter  =  3.2808  feet 

1   Square  Meter  =  10.764  square  feet 

1   Liter  = 

61.023  cubic  inches 
0.264  U.  S.  gallons 

1  Gram  =■ 

1  cubic  centimeter  of  distilled 

water 
15.43      grains  troy 
0.0353  ounce 

1   Kilogram  — 

2.20462  pounds  avoirdupois 
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TOTAL  HEAT-ENTROPY  DIAGRAM. 

(mollier  diagram.) 

The  steam  tables  give  values  of  the  simultaneous  physical  properties 
of  .steam,  such  as  pressure,  entropy,  temperature,  ete.  When  certain 
of  the.-**  properties  are  known  the  remainder  can  be  obtained  from  the 
tables.  The  simultaneous  properties  can  also  be  shown  by  means  of  a 
diagram  each  point  on  which  represents  steam  in  a  perfectly  definite 
condition. 

Fig.  f>08  gives  a  skeleton  outline  of  such  a  diagram  and  Fig.  609  a 
reduced  reproduction  of  the  complete  chart  as  constructed  by  Marks 


H3  Hf 

B.T.U.pcr  round  of  Steam 

Fi<;.  OOv 


and  Davis.  Referring  t<>  Fig.  t>0K,  abscissas  represent  the  heat  con- 
tents or  H.t.11.  per  pound  of  steam  and  ordinates  represent,  the  total 
entropy.  Vertical  lines  then  represent  lines  of  constant  heat  content. 
and  horizontal  line*;  constant  entropy.  PJ\  and  P*P«  represent  lint-? 
of  constant  pressure  and  A' ,  A" ,  and  A\..YL»  lines  of  constant  quality.  Evi- 
dently any  point  in  the  chart  represents  a  fixed  condition  of  heat  con- 
tent, piv^uiv.  quality  and  entropy  as  determined  by  its  location  with 
respect  to  the  different   lines.     Thus  point  1  represents  a  pressure  Pi  as 
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Horizontal  lines  are  lines  of  constant  total  heat. 
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determined  by  the  numerical  value  of  line  P1P1,  quality  Xi  by  its  loca- 
tion  on  line  X\Xi,  entropy  rt\  by  its  projection  N\  on  the  Y  axis,  and 
heat  content  Hi  by  its  projection  on  the  X  axis. 

The  principal  advantages  of  a  total  heat-entropy  diagram  over  the 
tables  are  that  they  give  the  properties  of  wet  and  superheated  steam 
and  offer  a  simple  means  of  solving  many  problems  without  calculations. 
For  example,  the  chart  offers  a  ready  solution  of  problems  involving 

(a)  Adiabatic  expansion. 

\b)  Throttling. 

(c)  Expansion  with  frictional  resistances. 

(a)  Adiabatic  Expansion:  From  thermodynamics  we  know  that  dur- 
ing an  adiabatic  change  the  entropy  is  constant;  thus,  in  expanding 
from  pressure  Pi  and  condition  represented  in  point  1  to  a  lower  pressure 
P2  it  is  only  necessary  to  find  the  intersection  2  of  a  horizontal  line  from 
point  1  with  line  P2P2.  The  various  properties  corresponding  to  point 
2  can  be  read  directly  from  the  diagram. 

The  line  1-2  =  HiH*  represents  the  difference  in  heat  content  following 
adiabatic  expansion  from  pressure  Pi  and  condition  1  to  pressure  P,  or 

line  H1H2  =  Hi  —  H2  =  xpi  +  qi  —  xir2  —  #2. 

The  quality  X*  is  read  directly  from  the  intersection  of  line  1-2  with 
the  constant  quality  line  X2X2. 

The  entropy  7k,  of  course,  remains  the  same. 

From  equation  (129),  p.  389,  we  find  that  the  velocity  due  to  adia- 
batic expansion  is  t 

F=  223.8  VWT^lh. 

Marks  and  Davis  have  added  along  the  margin  of  the  diagram  (Fig. 
609)  a  scale  of  velocity  so  that  V  may  be  ascertained  by  laying  off  the 
length  HiHt  on  the  scale. 

Example:  Steam  at  120  pounds  absolute,  quality  0.98,  expands  adia- 
batically  to  a  back  pressure  of  2  pounds  absolute.  Find  the  quality 
and  heat  content  at  the  lower  pressure. 

From  Fig.  609  we  locate  Pi  at  the  intersection  of  pressure  curve  120 
and  quality  curve  0.98.  The  corresponding  values  of  Hi  and  nx  are 
found  by  interpolation  to  be  1174.7  and  1.564  respectively.  Follow 
vertical  line  1.564  until  it  intersects  pressure  line  "2".  The  correspond- 
ing values  of  H2  and  Xi  are  found  to  be  910  and  0.797  respectively. 
The  vertical  intercept  between  the  two  pressure  lines  laid  off  on  the 
velocity  diagram  gives  V  =  3640  feet  per  second. 

Supposing  the  steam  to  be  superheated  200  degrees  instead  of  being 
wet,  find  the  quality  and  heat  content  at  the  end  of  expansion. 
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From  the  diagram 


_N2  _HiHi 
V      12       #,#,' 

(1  -  y)  (#,  -Ht)=UnelN  =  HJI,. 
Increase  in  quality  =         1 =  distance  2-3  between  XiX*  and 

Increase  in  entropy  =  N  3  =  NiNz. 

Example:  Steam  at  160  pounds  absolute  initial  pressure,  quality  0.97, 
expands  through  a  nozzle  to  a  back  pressure  of  2  pounds  absolute.  If 
15  per  cent  of  the  heat  energy  is  lost  in  friction,  find  the  quality  of  the 
steam  at  the  lower  pressure  and  the  velocity  of  the  jet. 

From  Fig.  609  we  locate  Pi  at  the  intersection  of  pressure  curve  160 
and  quality  curve  0.97.  The  corresponding  value  of  Hi  is  1170.  Fol- 
low line  1170  vertically  until  it  intersects  pressure  line  "2".  From  the 
diagram  we  find  for  adiabatic  expansion  Hz  =  910  a*  =  0.797.  But  the 
friction  increases  the  heat  content  at  the  end  of  expansion  an  amount 
0.15  X  Hi  -  Hi  =  0.15  (1170  -  910)  =  39,  so  that  the  final  heat  con- 
tent =  910  +  39  =  949. 

Follow  pressure  line  "2"  until  it  intersects  heat  line  949.  The  qual- 
ity Xi  is  found  to  be  0.836  and  the  entropy  ni  =  1.632.  From  the 
velocity  scale  we  find  V  =  3320  feet  per  second  for  H i  —  H%  =  (1170 
-949). 
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,  properties  of,  33. 

»ts  for,  in  oils,  756. 

ket  trap,  659. 

lospheric  relief  valve,  747. 

swinging,  176. 

>ere,  594. 

surface  condensers,  499. 
12. 

rties  of,  524. 
s,  618-628. 
r  rotative,  627. 
18. 

s,  622. 

md  Phillips,  620. 
,  624. 

622. 

lry,  627. 

ret,  619,  621,  626, 
•  "Rotrex,"  623. 
ed  for  combustion,  36. 
ed  for  fuel  oils,  69. 
ed  for  operating  air  lift,  642. 
omenta  for  smokeless  combus- 
153. 

,  grate  bars,  143. 
ometers,  recording,  793. 
tarn  as  an  oil  atomizer,  79. 
it  of  per  pound  of  carbon,  42. 
j;h-  and  low-water,  149. 
>arometric  condenser,  479. 
tower,  521. 

dry-air  pumps,  627. 
mere  steam  turbine,  435. 
underfeed  stoker,  183. 
>f  boiler  scales,  540. 
rases,  47,  801. 
)ils,  67. 

al  American  coals,  16-26. 
rs  for  boiler  feeding,  540. 
)ipe,  697. 

automatic  non-return  valve, 


Anderson  feed-water  purifying  system, 
551. 

triple-duty  emergency  valve,  739. 
Animal  fats  and  oils,  750. 
Anthracite  coals,  18. 
Aqueous  vapor,  effect  of,  on  degree  of 
vacuum,  473. 

pressure  of,  465. 
Arch  bars,  furnace,  101. 
Arches,  deflecting,  159. 
Armour  Glue  Works,  vacuum  ash  system 

at,  238. 
Armour  Institute,  brick  chimney  at,  266. 
Ash  bins,  223. 

Ash  conveyor,  vacuum  system,  238. 
Ash-handling  systems,  222-240. 
Ash,  influence  of,  on  fuel  value  of  dry 

coal,  57. 
A.S.M.E.  rules,  boiler  trials,  919. 

code  of  1912. 

compressors,  blowers  and  fans,  956. 

power  plants,  943. 

pumping  engines,  947. 

reciprocating  engines,  927. 

turbines  and  turbo-generators,  939. 
Atmospheric  heaters,  554. 
Atmospheric  relief  valves,  747. 
Atmospheric  surface  lubrication,  757. 
Atomization  of  oil,  79. 
Augmenter,  Parsons  vacuum,  488. 
Aurora  and  Elgin  Interurban  Ry.,  coal- 
handling  system,  234. 
Austin  steam  separator,  648. 
Automatic  cut-off  vs.  throttling  engines, 

364. 
Automatic  injectors,  613. 
Automatic  non-return  valves,  738. 
Automatic  stage  valve,  Curtis  turbine, 

415. 
Automatic  temperature  control,  726. 
Auxiliaries,  measurement  of  steam  used 
by,  510. 
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of,  in  steam  tur- 


;**  -' 


and  feeder,  62. 
properties  of  ,  87. 
vji  turbine,.  439. 

(ref.),  798. 
|*fc>  996. 


Side  Elevated 


Boiler  tubes,  eke  of  standard,  WL 
BoOera,  89-152. 

Bebeoek  *  Wiloor,  UNL 

B$griow~Honisby,  118L 

capacity  of  ,  130,  135. 

elaarifiiiiiliuiiof,  89. 
of,  141. 

of,  123. 
of  perfect*  12S. 
01. 
fkepbboas,  92. 

ioteed  capacity  of,  184. 
for,  153-173. 
for,  142,  178. 

aurface  of,  118. 
106. 

awmontal  return  tabular,  96. 
power  of,  iaa 

'a   report    (1911),  Hrifa 

Bote  Ineuranee  Co.,  541. 
102. 

9L 
r,  107. 
of,  126. 

Robb-Mumford,  95. 

Scotch  marine,  93. 

Sederholm,  102. 

selection  of  type,  141. 

settings  for,  90-180. 

specifications  for,  865. 

Stirling,  110. 

temperature  drop  in,  140. 

tests  of  (see  Tests). 

vertical  tubular,  90. 

Wickes,  107. 
Bone,  surface  combustion,  86. 
Boston  Elevated,  cost  of  operation,  84 
Bourdon  pressure  gauge,  792. 
Brake  horse  power,  323. 
Branch  fuel  oil  burner,  74 
Brass  pipes,  678. 
Breeching,  280. 
Brick  chimneys,  265. 
Bridge-wall,  hollow,  168. 
Bristol  recording  air  thermometers,  792 

thermo-electric  pyrometer,  794. 
Brown  coal,  23. 
Bucket  conveyors,  225. 
Bucket  traps,  659. 
Buckeye  skimmer,  146.  •  i 
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ler's  rating  of  boilers,  120. 

ly  steam  separator,  648. 

ly  steam  trap,  660. 

;ers,  coal,  223. 

e's  smokeless  furnace,  164. 

ers,  oil,  70-75. 

wdered  coal,  60-66. 

ing  points,  oils,  756. 

ting  strength  of  pipes,  680. 

s-car  coal  conveyors,  236. 

rig  coals,  20. 

rific  value  of  coals,  16-25,  32. 

"imeters,  fuel,  808. 

•imeters,  steam,  806. 

•city,  effect  of,  on  boiler  efficiency, 

130. 

on   dioxide,  percentage  of,  in  flue 

;ases,  42. 

>perties  of,  33. 

on-hydrogen  ratio,  16. 

on   monoxide,   heat   losses   due   to 

'ormation  of,  49. 

>perties  of,  33. 

on  packing,  Curtis  turbine,  420. 

ot  cycle,  308. 

enter  separating  calorimeter,  807. 

er,  psychrometric  chart,  527. 

•iron  pipes,  682,  684. 

ral  condensing  systems,  508. 

ral  hydrostatic  cylinder  lubricator, 

T66. 

ral  Station  statistics,  852. 

rifugal  oilers,  760. 

rifugal  pumps,  629. 

iracteristics  of,  633. 

ilti-stage,  632. 

•formance  of,  634. 

>les  of  sizes,  636. 

>es  of,  629. 

ute,  630. 

rifugal  steam  separators,  647. 

i  grates,  172. 

banooga  Electric  Company,  test  of 

ipray  fountains,  519. 

k  valves,  740. 

lical  purification  of  feed  water,  543. 

igo  settings,  hand-fired  furnace,  159. 

ney  at  Armour  Institute,  268. 

ney  draft,  247. 


Chimney   draft,    table   of,    for   vai 

temperatures,  250. 
Chimney,  efficiency  of,  282. 

height  of,  for  burning  fuel  oil,  25fl 

material  for  brick,  271. 

self-sustaining  steel,  261. 

stability  of  brick,  272. 

stability  of  steel,  264. 

steel,  261. 

strain  sheet,  for  reenforced  cone] 
275. 

test  of  an  unlined  steel,  254. 

test  of  100-foot  steel,  254. 

thickness  of  shell,  steel,  261. 

thickness  of  walls,  brick,  267. 

Weber,  reenforced  concrete,  275. 
Chimney  gases,  analysis  of,  47. 
Chimney  vs.  mechanical  draft,  300. 
Chimneys,  247-284. 

brick,  265. 

classification  of,  259. 

concrete,  275. 

core  and  lining  for,  271. 

cost  of,  283. 

Custodis  radial  brick,  266,  275. 

dimensions  of,  258,  284. 

formulas  for,  252. 

foundations  for,  281. 

guyed  steel,  260. 
Cincinnati  Traction  Company,  coal  < 

veyors,  235. 
Circulating  pumps,  640. 
Classification  of  boilers,  89. 

chimneys,  259. 

condensers,  466. 

feed-water  heaters,  554. 

fuel-oil  burners,  70-75. 

fuels,  15. 

powdered-coal  burners,  59. 

pumps,  588. 

steam  separators,  646. 

steam  traps,  657. 

steam  turbines,  386. 

stokers,  171. 

testing  instruments,  772. 
Clausius  cycle,  310. 
Cleaners,  tube,  150. 
Clearance  volume,  influence  of,  on 

gine  economy,  331. 
Coal,  9-16. 
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Coal,  analysis  of,  15-25. 

anthracite,  IS. 

bituminous,  20-24. 

calorific  value  of.  32. 

classification  of,  16. 

composition  of,  10. 

heat i up  value  of,  32. 

powdered,  53-6(3. 

proximate  analysis,  32. 

purchasing,  56,  SSO. 

dimpling,  917. 

size  of  bituminous,  51. 

specifications  for  purchasing,  880. 

storage  of.  222. 

ultimate  analysis,  32. 

washed,  54. 
Coal  and  ash  handling,  222. 
Coal  bunkers,  223. 
Coal  conveyors,  224. 
Coed  fields  of  the  United  States  (ref.)f  22. 
Coal  hoppers,  242. 
Cool  storage,  131. 
Coal  valves,  244. 
Cochrane  heater,  556. 
Coefficient  of  expansion,  pipe  materials, 

694. 
Cold  tests,  oil,  756. 
Columbia  expansion  trap,  661. 
Combustion.  29,  122. 

rUmeless,  30. 

products  of,  38. 

rate  of,  122. 

surface,  30. 

temperature  of,  21. 
Commercial    National    Hank    Building, 

Chicago.  Ash  System,  232. 
Commonwealth  Kdison  Company.   Fisk 
Street  Station,  SS5. 

Coinjiouml  engines,  350. 

("oiujioimds.  boiler,  543. 

*  '<«ui«i'i>Ni"l-:iir  oiling  system,  702. 

<  >»v.ivr-sp*.-l  air,  power  required,  air  lift, 

*  ■*•.•*■**«*.  ••fleet  of,  on  engine*  econ- 


»v  *   .til. 


*  **  *-..*:•: » ,'.;  ..uA  Wkav*  losses  in  en- 


tx.v*  ",r. 


/ 
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Condensers.  Alberger  barometric,  479. 
Baragwanath  siphon,  475. 
Baragwanath  surface,  482. 

barometric,  477. 

Blake  jet,  469. 

choice  of.  516. 

classification  of,  466. 

cooling  water  for  jet,  470. 

cooling  water  for  surface,  491. 

cost  of,  262. 

counter-current,  478. 

Dalt oil's  Laws,  461. 

dry-air  surface,  499. 

dry  tube,  485. 

economical  vacuum  for,  515. 

ejector,  476. 

extent  of  cooling  surface  for,  492. 

function  of,  464. 

high  vacuum,  484. 

independent,  505. 

injection  orifice,  474. 

jet,  469. 

Korting  inulti-jct,  491. 

location  of,  505. 

low  head,  481. 

multi-flow  surface,  484. 

Pennel  saturated  air,  502. 

power  consumption  of  auxiliaries,  olC 

Schutte  ejector,  476. 

siphon,  474. 

sizes  of  siphon,  475. 

specifications  for,  S69. 

standard  low  vacuum.  407. 

surface,  dry-air  cooled,  499. 

surface,  evaporative,  501,  503. 

surface,  water-cooled.  475. 

tests  of  evaporative,  504. 

tests  of  surface,  492. 

Tomlinsou  barometric.  ISO. 

volume  of  condenser  chamber  1 1 »r  jf- 
474. 

Weighton  multi-flow,  494. 

Weiss  barometric,  47S. 

West  inghouse-Lchlanc.  4S9. 

Wliei-ler  admiralty,  4S3. 

Wheeler  low-head  centrifugal  jet.  4> 

Worthington  barometric,  4S0. 
Worthingtnn  jet,  408. 
Condensing,   influence  on  engine  coo 
om\\  301. 
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Condensing  plant,  elementary,  2. 
Condensing  plant  with  full  complement 

of  heat-saving  appliances,  13. 
Convection,  heat  transmitted  by,  115. 
Conversion  tables,  963. 
Conveyors,  224. 
Cooling  ponds,  517. 
Cooling  towers,  520. 
Cooling  towers,  fan  vs.  natural  draft, 

523. 
Copper  pipes,  678. 
Corliss  engine,  315,  350. 
Correction  factors  for  steam  turbines, 

450. 
Cost,  boilers  and  settings,  141. 

chimneys,  283. 

condensers,  512. 

engines,  385. 

evaporating  water,  133. 

handling  coal  and  ashes,  242. 

initial,  of  steam  engine  plants,  822. 

initial,  of  steam  turbine  plants,  823. 

mechanical  draft  systems,  289. 

pipe  flanges,  686. 

power  (see  Power  costs). 

pulverizing  coal,  65. 

stokers,  189. 

turbines,  45lfc 
Costs,  operating,  830. 
Coverings  for  steam  pipes,  692. 
Crusher  and  cross  conveyor,  228. 
Curtis  steam  turbine,  412. 
Curve  load  factor,  815. 
Custodis  radial  brick  chimney,  266. 
Cut-off,  commercial,  931. 
Cut-off,  point  of,  931. 
Cylinder  condensation,  327. 
Cylinder  cups,  764. 
Cylinder  efficiency,  325. 
Cylinder  lubrication,  764. 
Cylinder  ratios,  compound  engines,  350. 

Daily  load  curves,  856. 
Daily  power-house  report,  818. 
Dalton's  laws,  461. 
Damper  regulators,  146. 
Davis  back-pressure  valve,  746. 
Dean  air  pump,  618. 
De  Laval  centrifugal  pump,  637. 
steam  turbine,  390. 


Delray  Station,  large  boiler  at,  112. 
Demand  factors,  816. 
Density  of  air  and  flue  gas,  249. 
Depreciation  of  powdered-coal  furnace, 

65. 
Depreciation,  rate  of,  823. 
Desmond  injector,  performance  of,  614. 
Detroit  Edison  Company,  coal-handling 

system,  236. 
Diagram  factor,  steam  engine,  318. 
Diaphragm  valve,  726. 
Differential  traps,  663. 
"  Direct "  steam  separator,  647. 
Disk-valve  pump,  593. 
Disk-water  meter,  778. 
Divergent  nozzle,  design  of,  395. 
Double-flow  steam  turbine,  433. 
Double  stoker,  137,  179. 
Down-draft  furnace,  164. 
Draft  and  rate  of  combustion,  251. 
Draft,  balanced,  306. 

chimney,  247. 

fan,  289. 

for  powdered  coal  burners,  65. 

forced,  289. 

gauges,  791. 

induced,  289. 

influence  of,  on  boiler  efficiency,  117. 

influence  of,  on  locomotive  boiler,  288. 

influence  of,  on  torpedo  boat  boiler, 
117. 

mechanical,  285-289. 

through  boiler  settings,  250. 
Drainage  of  jackets  and  receivers,  665. 
Drains,  office  building,  672. 
Drips,  655. 

high-pressure,  657. 

low-pressure,  655. 

removal  of  oil  from,  671. 

under  alternate  pressure  and  vacuum, 
668. 

under  vacuum,  667. 
Dry-air  pumps,  622. 
Dry-air  surface  condensers,  499. 
Dry  docks,  centrifugal  pump  character- 
istics for,  633. 
Dry  tube  surface  condensers,  485. 
Dulong's  formula,  34. 
Dunham  steam  trap,  662. 
Dunham  vacuo-vapor  system,  674. 
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(steam),  methods  for  increasing 

lomy  of,  337. 

inical  efficiency,  323. 

ire  in  steam,  336. 

•valve,  347. 

ing,  economy  of,  359. 

ne  cycle,  310. 

er-reheaters,  economy  of,  339. 

',  382. 

?,  342. 

-valve,  342. 

cations,  861. 

consumption  of,  320. 
ht-flow,  378. 
•,  370. 

seated  steam,  367. 
)f  (sec  Tests), 
ai  efficiency,  322. 
ling  vs.  automatic  cut-off,  364. 
and  quadruple  expansion,  359. 
w,  378. 

[rawing,  effect  of,  334. 
ow-pressure  turbines,  441. 
-  diagram,  308-312. 
n  of  pipes,  719. 

heads,  654. 

piping,  721. 

on  of  pipe  materials,  694. 
on,  ratio  of,  318. 
on  traps,  660. 
d  boiler  front  setting,  97. 
it  ion,  cooling  pond,  517. 
f,  oil  vs.  coal,  70. 
and  at  212°  F.  per  square  foot 
hour,  120. 
f,  boilers,  127. 
of,  in  still  air,  517. 
f,  114. 
.tive    surface    condenser,    501, 


f  evaporation,  114. 

ft,  289. 

pacity  of  forced  draft,  301. 

ty  of  induced  draft,  300. 

ty  of  Sirocco  blowers,  302. 

mance  of,  292, 

'  of,  292. 

ter,  analysis  of,  540. 

ter  heaters  (see  Heaters). 


Feed-water  heating  system,  choice  of, 

582. 
Feed- water  piping,  727. 
Feed-water  purification,  543-547. 
Feed-water  regulators,  607. 
Feed-water  temperature,  ideal,  321. 
Feed-water,  weighing  of,  774. 
Fery  radiation  pyrometer,  795. 
Filters,  oil,  769. 
Fire,  thickness  of,  135. 
Fire-box  boilers,  91. 
Fire-tile  combustion  chamber,  173. 
Fire-tube  boiler,  91. 
First  National  Bank  Building,  Chicago, 

power  costs,  819. 
Fisher  pump  governor,  607. 
Fittings,  pipe,  678. 
Fitzgibbons  boiler,  92. 
Fixed  carbon  in  coal,  16. 
Fixed  charges,  820. 
Flameless  combustion,  86. 
Flanged  fittings,  683. 
Flanges,  table  of  standard,  686. 
Flap  coal  valve,  245. 
Flash  point,  oil  testing,  756. 
Flemming  four-valve  engine,  358. 
Flinn  trap,  663. 
Float  trap,  658. 
Floor  space,   turbine  vs.   reciprocating 

engine,  446. 
Flow  of  steam  in  pipes,  710. 

steam  through  nozzles,  397. 

water  through  pipes,  730. 
Flue  gas  analysis,  47,  801. 
Flue  gas  apparatus,  802-806. 

Little,  modified,  803. 

Orsat,  802. 

Simmance-Abady  recorder,  804. 

Uehling  composimeter,  805. 

Williams  improved,  802. 
Flue  gas,  effect  of  forcing  boiler  on  tem- 
perature of,  134. 
Flue  gas,  heat  loss  in  dry,  45. 

temperatures,  134. 
Flush-front  boiler  setting,  98. 
Flywheel  pumps,  598. 
Foot  valves,  749. 
Forced  draft,  290. 
Forced-feed  lubricator,  766. 
Forcing  capacity  of  boilers,  134. 
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Foster  back-pressure  valve,  746. 

pressure  regulator,  748. 
Foster  superheater,  201. 
Foundations,  chimney,  281. 
Fountain,  spray,  518. 
Four-valve  engines,  tests  of,  357. 
Friction  of  engines,  335. 
Friction  of  water  in  pipes,  719,  732. 
Friction  tests  of  oil,  756. 
Friction  through  valves  and  fittings,  719. 
Fuel  calorimeters,  808. 
Fuel,  cost  of,  833. 
Fuel  oil,  66-80. 
Fuel  oil  burners  (see  Burners). 
Fuel  ratio,  16. 
Fuel  weighing,  772. 
Fuels  and  combustion,  16-29. 
Fuels,  classification  of,  16. 
Function  of  the  condenser,  464. 
Furnace  arch  bars,  101. 
Furnace  efficiency,  123. 
Furnace  for  burning  oil  fuel,  76,  77. 
Furnace  for  burning  powdered  coal,  59. 
Furnace,  hand-fired,  154. 
Furnace  influence  on  gas  composition,  49. 
Furnace  temperature,  influence  on  boiler 

efficiency,  138. 
Furnaces  (see  Smokeless  furnaces). 
Fusible  plugs,  149. 

Gaseous  fuels,  85. 

characteristics  of,  87. 
Gate  valves,  730. 
Gauge  cocks,  1 18. 
( Jauges,  water,  148. 
Gcbhardt  steam  meters,  783. 
Geipel  steam  trap,  661. 
( leneral  Kleetrie  Company  steam  meter, 

7  s."). 
( ilobc  valves,  736. 
Goubert  feed-water  heater,  560. 
Goutal's  formula,  3."). 
Government    specifications  for  purchas- 
ing coal,  SSO. 
Governor  steam  pump,  607. 
(Irate  bars,  thickness  of,  143. 
( Irat<\  loss  of  fuel  through,  49. 
(  Irate  surface,  l'Jl. 
<  Irates,  chain,  178. 

shaking.  141. 


Grates,  stationary,  142. 
Gravity  oil  feed,  761. 
Gravity,  Baum6,  oils,  755. 
Gravity,  specific,  oils,  755. 
Grease  extractor,  653. 
Greases,  752.      " 
Green  chain  grate,  172. 

economizer,  576. 
Gruner's  classification,  17. 
Gutermuth  valves,  623. 
Guyed  steel  chimney,  260. 

Hamler-Eddy  smoke  recorder,  188. 
Hammel  fuel  oil  burner,  73. 
Hammel  oil-burning  furnace,  76. 
Hammer  tube  cleaner,  151. 
Hancock  injector,  613. 
Hand-fired  furnace,  154. 
Hand  shoveling,  224. 
Hangers,  for  pipes,  697. 
Hardness  of  feed-waters,  543. 
Hartford    Boiler    Insurance   Company, 

annual  report,  541. 
Hartford  boiler  specifications,  865. 
Hawley  down-draft  furnace,  164. 
Headers,  main  steam,  707. 
Heat  balance,  boiler  testa,  52. 
Heat  consumption  of  engines,  320. 
Heat  distribution,  condensing  plants,  10 

13. 
Heat  distribution,  non-condensing  plants 

4,  7. 
Heat  losses,  in  burning  coal,  45-57. 

in  the  chimney  gases,  45. 

in  steam  engines,  327. 
Heat  of  combustion,  31. 
Heat  transmission,  boilers,  115. 

closed  heaters,  563. 

condensers,  492. 

economizers,  578. 

influence  of  scale  on,  539. 

superheaters,  212. 
Heater  and  purifier  combined,  557. 
Heaters,  feed-water,  538-587 

Baragwanath,  563. 

choice  of,  570,  582. 

classification  of,  554. 

closed,  5G0. 

Cochrane,  555. 

counter-current,  561. 
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,  flue  gas,  576. 
ert,  560. 
sburg,  561. 
e's,  557. 
ed,  572. 
team,  572. 

555. 
562. 

el-current,  560. 
jy,  554. 
dary,  554. 
-flow,  560. 
i  tube,  562. 
»ratures  in  open,  557. 
gh,  571. 
im,  573. 
wright,  551. 
ter,  556. 

;  surface,  boilers,  118. 
►oiler,  106. 
uperheater,  204. 
ti  smokeless  furnace,  169. 
expansion  trap,  662. 

rotary  engine,  382. 
bone  grate,  66. 
and  Phillips  air  pump,  620. 
nd  low-speed  engines,  342-349. 
essure  drips,  657. 
►eed  multi-valve  engines,  347. 
►eed  single-valve  engines,  342. 
icuum  systems,  486. 
nd  trolley  coal-handling  system, 
\. 

bridge  wall,  168. 
>op,  669. 

\  feed-water  heater,  557. 
i  separators,  646. 
tal  return  tubular  boilers,  93. 
ower  of  boilers,  120. 
11  pumps,  641. 

1     temperatures,     surface     con- 
fers, 492. 
>al  conveyor,  230. 
lie  Oil  Storage  Company's  fuel 
system,  83. 
lie  packing,  596. 

lie   valve   gear,   Curtis   turbine, 
i 

• 

en,  losses  due  to,  51. 
rtiee  of,  31,  33. 


Hydrometer,  Baume',  oils,  755. 
Hydrostatic  cylinder  lubricator,  765. 
Hygrometry,  523. 

Ideal  engine,  307. 
Ideal  feed-water  temperature,  321. 
Identification  of  oils,  755. 
Illinois  Engineering  Company's  Auto- 
matic vacuum  valve,  723. 
Impulse  turbine,  387. 
Incomplete  combustion,  loss  due  to,  47. 
Incomplete  expansion,  loss  due  to,  332. 
Increasing  boiler  pressure,  economy  of, 

337. 
Increasing  degree  of  vacuum,  economy 

of,  362. 
Increasing  rotative  speed,  economy  of, 

341. 
Independent  condensers,  505. 
Independently  fired  superheaters,  205. 
Indicated  horse  power,  318. 
Indicator  cards,  air  pump,  629. ' 
Indicator  cards,  analysis  of,  931. 

automatic  cut-off  engine,  366. 
Indicator  cards,  throttling  engine,  364. 

Westinghouse-Parsons  turbine,  431. 
Induced  draft,  291. 
Induced  heaters,  572. 
Inherent  losses  in  burning  fuel,  53. 
Initial  condensation,  327. 
Initial  temperature,  influence  of,  138. 
Injection  orifice,  473. 
Injectors,  612. 

automatic,  613. 

performance  of,  614. 

positive,  612. 

range  in  working  pressures,  616. 

vs.  steam  pumps  as  boiler  feeders,  617. 
Interest  charges,  822. 
Intermittent  oiling,  757. 
International  Gas  Company's  fuel  oil 

system,  82. 
Isolated  stations,  cost  of  power  in  (see 

Power,  cost  of). 
Isolated  stations,  influence  of  load  factor 
on  economy,  853. 

Jackets,  influence  of,  340. 
Jackets,  methods  of  draining,  666. 
Jet,  Bloomsburg,  286. 
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Measurement  of  steam  used  by  auxil- 
iaries, 510. 

Mechanical  boiler-tube  cleaner,  150. 

Mechanical  draft,  285-306. 

Mechanical  efficiency  of  engines,  323. 
of  pumps,  597. 

Mechanical  purification  of  feed  water, 
546. 

Mechanical  stokers,  170. 

Mechanical  valve  gear,  Curtis  turbine, 
418. 

Medium-  and  low-speed  engines,  349. 

Mesh  steam  separators,  648. 

Meters,  steam,  781. 

Meters,  water,  777. 

Meyers  bagasse  furnace,  27. 

Meyers  sawdust  furnace,  28. 

Mineral  oils,  751. 

Mixed  pressure  turbines,  439. 

Moisture  in  air,  loss  due  to,  in  combus- 
tion, 50. 
in  fuel,  loss  due  to,  50. 
in  steam,  determination,  806. 
in  steam,  effect  on  engine  economy, 

336. 
in  steam  evaporated  by  throttling,  365. 

Mollier  diagram,  966. 

Mullan  valveless  air  pump,  622. 

Murgue's  theory,  centrifugal  fans,  292. 

Murphy  furnace,  181. 

Napier's   rule   for  the  flow  of  steam, 

397. 
Nash  water  meter,  778. 
Natural-draft  cooling  tower,  520. 
Natural  gas,  properties  of,  85. 
Nitrogen,  properties  of,  33. 
Non-condensing  engines,  test  of,   347- 

350. 
Non-condensing  plants,  arrangement  of, 
2,6. 
exhaust  piping  in,  Paul  system,  725. 
exhaust  piping  in,   Webster  system, 

721. 
feed-water  piping  in,  728. 
open  heater  fn,  573. 
Non-return  valves,  738. 
Nordberg  uniflow  engine,  378. 
Norfolk    Traction    Co.'s    ash-handling 
system,  241. 


Northwestern    Elevated     R.R.     power 

house,  condenser  piping,  511. 
Nozzles,  De  Laval  steam  turbine,  392. 
Nozzles,  flow  of  steam  through,  395. 

flow  of  water  through,  730. 

Kerr  steam  turbine,  409. 

theoretical  design  of  divergent,  395. 
Nugent  telescopic  oiler,  759. 

Office  buildings,  cost  of  power  in,  843. 
Oil,  atomization  of,  79. 
Oil  bath,  757. 
Oil  burners,  72-75. 

branch,  74. 

Hammel,  73. 

Kirkwood,  74. 

Korting,  72. 

Warren,  75. 

Williams,  74. 

"tests  of,  78. 
Oil  cups,  759. 

eliminators,  650. 

feeding  system,  79. 

filters,  769. 

fuels,  analysis  of,  18-26. 

pressure  in  fuel-oil  systems,  79. 

purchase  of  fuel,  83. 

separators,  650. 

storage,  82. 

transportation,  82. 
Oil,   waste,   and   supplies,   cost   of,   in 

power  plants,  834. 
Oiler,  centrifugal,  760. 

gravity,  761. 

pendulum,  761. 

ring,  760. 

telescope,  759. 
Oiling    systems    (see    Lubricating    sys- 
tems). 
Oils,  animal,  750. 

identification  of,  755. 

mineral,  751. 

properties  of,  758. 

purchase  of  fuel,  83. 

specifications  for,  758. 

specific  gravity  of,  755. 

tests  for,  756. 

vegetable,  750. 
Olefiant  gas,  properties  of,  33. 
Open  heater,  555. 
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Open  heater  vs.  closed  heater,  570. 

Operating  costs,  830. 

Operating  costs,  reciprocating  engine  vs. 

steam  turbine,  837. 
Optical  pyrometers,  795. 
Orifice  measurements,  780. 
Orifice,  size  of  injection,  473. 
Orifices,  flow  of  steam  through,  397. 

flow  of  water  through,  730. 
Orsat  apparatus,  802. 
Otis  feed-water  heater,  563. 
1  Jurput  and  load  factor,  815. 
'Overhead  storage,  bucket  hoist,  235. 
Overload  capacity,  steam  turbines,  447. 
'  jxygen,  properties  of,  33. 

Pan  iuriace.  open  heaters,  559. 
Pvailei-ciiiTvnt  condenser,  468. 
Parallel-current  feed-water  heater,  560. 
Parker  boiler.  107. 
Pur  Mai  calorimeter,  809. 
Pirmn  snokelese  furnace,  168. 
Puamu  vacuum  augmenter,  4SS. 
Piiii  -sdwuter.  725. 

^:._  >':r:nig  ■r.'gT«?m.  1 25. 

7  -.:*>  ■."    ii  : timer.  73. 
7-.u-    :"    ii  I'iTsaoe.  ••• 


r       *» 


"-!^ir   ■*rin»k<-*>"*ir  jurfifc''*"-  condenser, 
- —..-■-<■«*  vo'v.T  vl;'.;it.  SI  1. 


;w 


-oof  ■ 
,OOp, 


Pipe  threads,   United  States  standard, 

680. 
Pipes,  equation  of,  719. 

expansion  of,  694. 

flow  of  steam  in,  710. 

flow  of  water  in,  730. 

friction  in,  719. 

loss  of  heat  from  bare,  691. 

materials  for,  676. 

size  of,  for  low-pressure  drips,  655. 

strength  of,  679. 
Piping,  auxiliary  header  system,  703. 

Commonwealth      Edison     Company, 
Fiflk  Street  Station,  885. 

Des  Moines  City  Railway  Company, 
702. 

duplicate  system  of,  703. 

feed-water,  727. 

high-pressure,  698. 

La  Salle  Hotel,  Chicago,  708. 

loop  header  system  of,  704. 

Manhattan     Elevated,     New    York, 
707. 

Paul  heating  system,  725. 

Princeton  University,  700. 

specifications  for,  871. 

spider  system,  701. 

steam,  470-483. 

Webster  heating  system,  721. 

Yonkers  power  house,  705. 
Pistons,  water,  595. 
Pitot  tubes,  292,  786. 
Plungers,  pump,  595. 
Ponds,  cooling,  517. 
Pop  safety  valves,  744. 
Positive  injectors,  012. 
Powdered  coal,  58-00. 
Powdered  coal  burners,  01-03. 

Blake,  02. 

Pint  her,  59. 

Schwa  rtzkopff,  61. 

triumph,  03. 
Power,  bibliography,  S5^. 

Boston  Elevated,  840. 

central  stations,  845- S00. 

compound  engine  plants,  S35. 

cost  of,  S10-S00. 

demand  factors,  810. 

depreciation,  823. 

Fall  River,  849. 
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irst  National  Bank  Building, 
go,  819. 

rg  Yarn  Company,  851. 
arges,  820. 
3. 

'ark  Electric  Light  Co.,  Bos- 
S51. 

ce,  829. 
,822. 

stations,  842-845. 
30. 

ntral  stations,  848-890. 
lance,  829. 
jence,  824. 
lildings,  843. 
te  and  supplies,  834. 
lg  charges,  830. 
ig  records,  812. 
Gas  &  Electric  Co.,  849. 
ent  statistics,  812. 
sngine  plant,  835. 
urbine  plants,  837. 
•ailway  plants,  C.  C.  Moore, 
*41. 
lilway  plants,  R.  C.  Carpenter, 

•ailway  plants,  typical  U.  S., 

529. 

nsumption  of  condenser  auxil- 

,510. 

asurements,  798. 

Jit  design,  elements  of,  853. 

mts,  A.S.M.E.  code  for  test- 

143. 

nts,  distribution  of  heat  losses 

15. 

ary,  1-15. 

ermostat,  726. 

g  feed  water,  economy  of,  552. 

gauges,  792. 

>f  aqueous  vapor  for  different 

eratures,  465. 

•egulator,  748. 

>le  losses  in  burning  fuel,  53. 

of  combustion,  38. 

;  of  air,  524. 

)il,  67. 

,  87. 

mating  oils,  758. 


Properties  of  steam,  961. 
Proximate  analysis,  33. 
Psychrometric  chart,  527. 
Pulsometer,  641. 
Pump  governors,  607. 
Pumping  engines,  economy  of,  359. 
Pumps,  air,  618. 

air,  jet  condensers,  619. 

air,  surface  condensers,  626. 

air,  theoretical  work,  628. 

air  lift,  642. 

boiler-feed,  590.  -- 

centrifugal,  629. 

classification  of,  588. 

circulating,  640. 

direct-pressure,  641. 

double  suction  centrifugal,  631. 

Duplex,  590. 

duty  of,  603. 

effect  of  piston  speed  on  economy,  599. 

field  for,  631. 

fly-wheel,  598. 

hot-well,  641. 

jet,  612. 

Marsh  boiler-feed,  594. 

multi-stage  centrifugal,  632. 

outside  packed  plunger,  598. 

performance  of  piston,  597,  602. 

plungers  for,  595. 

power,  609. 

pulsometer,  641. 

rotary,  638. 

simplex,  594. 

size  of  boiler-feed,  605. 

tests  of  (see  Tests). 

triplex,  609. 

turbine,  630. 

vacuum,  618-627. 

volute,  630. 

water  pistons  for,  595. 
Purchasing  coal,  56,  880. 

government  specifications  for,  880. 
Purification,  chemical,  feed-water,  543. 

mechanical,  546. 

thermal,  547. 
Purifiers,  live  steam,  575. 
Purifying  plants,  Anderson,  551. 

Kennicott,  548. 

Scaife,  550. 

We-Fu-Go,  551. 


! 
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Pyrometers,  air  recording,  793. 

Rotary 

Bristol  thermo-electric,  793. 

Rotary 

Callender  resistance,  784. 

Rowefe 

Fcry  radiation,  795. 

Wanner  optical,  795.     * 

Safety  v 

lever, 

Qualification  for  a  good  lubricant,  751. 

pop, ; 

Safety  V 

Radial  brick  chimney  a,  20fi. 

Sampb'n 

Radiation  and  minor  losses,  boilers,  52. 

Sat  unit  t 

Radiation,  heat  transmitted  by,  115. 

Saturatt 

Sawdust 
Scaif c  a; 

Radiator  drains,  072. 

Rankine  cycle,  310. 

550 

Rate  of  combustion,  powdered  coal,  04. 

Scale,  ai 

Rate  of  combustion,  relation  of  air  sup- 

influet 

ply  to,  304. 

"S-U"f 

Rate  of  depreciation,  823. 

Schmidt. 

Rate  of  driving,  effect  on  economy  of 

ers, 

hoik-i*.  130-138. 

Schutte 

Rste.au  regenerator  accumulator,  443. 

Bchworti 

Steam  turbine  installation,   low  pres- 

01. 

sure.  442. 

Schwocr 

Rates  of  combustion,  average,  122. 

Scioto  \ 

Rraciion  turbine*,  440. 

ling 

Rrtt-ivif.  reheaters.  339. 

Seoteh  i 

K*-::;<TWatinj!   engines    vs.    steam    lur- 

Screw.-.] 

i-raes.  441. 

Beaton  t 

?.,..vris.  power  plant.  S10-S15. 

Seilcrlnil 

r;->i-."M  valves,  747. 

ft-RTT  CO 

I-..:-T.:".>rovl  wwerete  chimneys,  275. 

Self-eU.H 

-.;-;■  r.er.i'or-a.'ciiii  nihil  or,  413. 

Sepiirati 

v-a- .;■/..■■:•.  ul"  sieiiin  turbine*.  1 17. 

ScparuK 

.■shall 
llopp 
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Settings,  smokeless,  154-182 

standard,  90-109. 
Shaking  grates,  143. 
Shone  ejector,  672. 

Simmance-Abady  flue  gas  recorder,  804. 
Simplex  coal  valve,  244. 
Siphon  condensers,  474. 
Siphon  traps,  664. 
Skimmer,  Buckeye,  146. 
Slip  expansion  joint,  697. 
Smoke  determinations,  186. 
Smoke  distribution  in  Chicago  plants, 

154. 
Smoke  prevention,  187. 
Smoke  record  chart,  187. 
Smoke  recorders,  189. 
Smoke  unit,  187. 
Smoke,  visible,  loss  due  to,  51. 
Smokeless  furnaces,  153-173. 

balanced  draft,  305. 

Burke's  164. 

Chicago  settings,  159. 

down-draft,  164. 

Dutch  ovens,  156. 

fire  tile,  173. 

hand-fired,  154. 

Heinrich's,  168. 

Kent '8  wing-wall,  163. 

Luckenbach,  170. 

Parson,  168. 

steam  jets  for,  167. 

step  grates,  178. 

stokers,  170-180. 

twin  fire-arch,  157. 

Wooley,  163. 
Solid  lubricants,  752. 
South  Side  Elevated  Ry.  Co.,  Chicago, 
chimney  at,  262. 

coal  crusher  and  cross  conveyor  at, 
228. 
Special  furnaces,  153-170. 
Specific  gravity  of  lubricating  oils,  752. 
Specific  heat  of  gases,  44. 
Specific  heat  of  superheated  steam,  195. 
Specific  volume  of  superheated  steam, 

198. 
Specifications,  boiler,  865. 

condenser,  869. 

engine,  861. 

government,  for  purchasing  coal,  880. 


Specifications,  piping,  871. 
Speed,    influence   of   piston   on   pump 
economy,  599. 

influence  on  engine  economy,  341. 
Speed  measurements,  799. 
Spider  system  of  piping,  701. 
Spiro  turbine,  460. 
Spray  fountain,  518. 
Sprinkling  stokers,  185. 
Stability  of  brick  chimneys,  272. 
Stability  of  steel  chimneys,  264. 
Standard  methods  of  starting  and  stop- 
ping boiler  tests,  599. 
Standby  losses  in  boilers,  52. 
Station  load  factor,  815. 
Steam  boilers,  89-152. 
Steam  engines,  307-385. 
Steam,  flow  of,  in  pipes,  710. 
Steam  jets,  167,  285,  287. 
Steam  loop,  667. 
Steam  mains,  707. 
Steam  piping,  470-483. 
Steam,  properties  of,  963. 
Steam  pumps,  588-605. 
Steam  separators,  644-650. 
Steam,  specific  heat  of  superheated,  115. 
Steam  traps,  657-667. 
Steam  turbines,  386-480. 
Steel  chimneys,  261. 
Steel-concrete  chimneys,  275. 
Step  bearing,  Curtis  turbine,  420. 
Stirling  boiler,  110. 
Stirling  superheater,  201. 
St.  John's  steam  meter,  790. 
Stokers,  171-189. 

American  underfeed,  183. 

Babcock  &  Wilcox,  173. 

chain  grates,  172. 

cost  of,  189. 

green  chain  grate,  176. 

Jones  underfeed,  182. 

Murphy,  181. 

sprinkling,  185. 

Taylor,  183. 

underfeed,  183. 

Wilkinson,  180. 
Stop  valves,  735. 
Storage,  coal,  222. 

oil,  82. 

powdered  coal,  65. 
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engines,  increasing  back  pres- 
t,  334. 

sing  initial  pressure,  338. 
3bile,  376. 

s  simple  engine,  346. 
engines,  simple  high-speed  en- 
s,  saturated  steam,  343. 
teated  steam,  compound,  374. 
teated  steam,  influence  of  degree 
jperheat,  369. 

teated  steam,  influence  of  size  of 
ne,  368. 

teated   steam,   record   perform- 
;  of,  377. 

teated  steam,  triple,  375. 
of,  343,  360. 

furnace,  relation  of  gas  compo- 
•n  to  temperature,  48. 
injectors,  614. 
jets,  steam,  287. 
oil  burners,  78. 
oil  separators,  651. 
oils,  fuel,  71. 
oils,  lubricating,  754. 
pipe  coverings,  692. 
pumps,  610. 
,  642. 
feed,  600. 

ugal,  De  Laval,  637. 
ugal,  Lea-Degan,  634. 
ugal,  Worthington,  634. 
connected  triplex,  610. 
fire  pump,  599. 
triplex,  611. 
,  639. 

separators,  645,  651. 
spray  fountains,  519. 
superheaters,  218. 
turbines,  454. 
efficiency  of  engines,  322. 
purification  of  feed  water,  547. 
electric  pyrometers,  793. 
rioters,  classification  of,  796. 
tat,  powers,  726. 
a  of  fire,  135,  140. 
*s  of  shell,  steel  chimneys,  261. 
$  of  walls,  brick  chimneys,  267. 
ig  calorimeter,  806. 
ig,  moisture  evaporated  by,  365. 
ig  vs.  automatic  cut-off,  364. 


Tilden  damper  regulator,  148. 
Tile-roof  furnaces,  173. 
Tomlinson  condenser,  480. 
Towers,  Alberger,  521. 

Barnard,  520. 

cooling,  520. 

test  of,  536. 

theory  of,  529. 

Worthington,  521. 
Traps  (steam): 

acme,  659. 

bowl,  660. 

bucket,  659. 

Bundy,  660.  ^ 

classification  of,  657. 

Columbia,  661. 

differential,  663. 

Dunham,  662. 

expansion,  660. 

Flinn,  663. 

float,  653. 

Geipel,  661. 

Heintz,  662. 

location  of,  664. 

return  of,  665. 

siphon,  664. 
Traveling  coal  hoppers,  243. 
-Traveling  grates,  172. 
Triumph  powdered-coal  furnace,  63. 
Try  cocks,  3. 
Tube  cleaners,  150. 
Tupper  grate,  143. 
Turbine  pumps,  630. 
Turbine  tube  cleaner,  151. 
Turbines  (steam),  386-460. 

advantages  of,  446. 

Allis-Chalmers,  435. 

A.S.M.E.  code  for  testing,  939. 

bleeder,  446. 

classification  of,  386. 

correction  factors,  450. 

cost  of,  453. 

cost  of  operation,  455. 

Curtis,  412. 

De  Laval,  390. 

double-flow,  433. 

economy  of  space,  446. 

efficiency  of,  448. 

elementary  theory,  388, 

impulse,  390. 
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Turbines  (steam),  influence  of  superheat, 
455. 

influence  of  vacuum,  456. 

Kerr,  407. 

low-pressure,  439. 

mixed  pressure,  439. 

overload  capacity,  447. 

Parsons,  428. 

reaction,  428. 

regulation,  447. 

simplicity  of,  447. 

Spiro,  459. 

Terry,  405. 

Tcsla  bladeless,  458. 

tests  of,  454. 

Westinghouse,  427. 

Westinghouse-Parsons,  428. 
Turner  oil  filter,  769. 
Twin  fire-arch  furnace,  157. 

Uchling  composimeter,  805. 

Ultimate  analysis,  33. 

Underfeed  stokers,  182. 

Uniflow  engines,  378. 

Unit  of  evaporation,  114. 

Units,  conversion,  965. 

Universal  calorimeter,  807. 

Useful  life  of  power-plant  appliances,  825. 

Vacua,  increase  of  power  due  to  increas- 
ing. 363. 

Vacua,  influence  of,  on  economy  of  en- 
gines, 363. 

\  acua.  influence  of  high,  on  steam  tur- 
bines. 4.">6. 

\  acua- vapor  system,  674. 

\  :v,-,,:,.,i!,.i  ash  conveyor.  23S. 

\  ;»■.::;"*.  ailment er.  Parsons,  4SS. 

\  ■.,  •.',;•.'*•.  cl'.ambers,  594. 

N  ...      "    x\Muvtions  for  standard   con- 

■s  \n     vv:      .v>    atYectod    by    aqueous 


v- '.  s  o.\"> 


^  •  •>•:  :c  relief.  7  17. 
■•^v.  return.  73$. 
\   >  ■.,.,,\,ixrth,v.  739. 


Valves,  atmospheric  relief,  747. 

automatic  non-return,  738. 

back-pressure,  746. 

blow-off,  741. 

check,  740. 

coal,  244. 

consolidated  pop  safety,  744. 

Crane  atmospheric,  647. 

Crane  hydraulic  emergency,  739. 

Davis  back-pressure,  746. 

diaphragm,  727. 

disk,  374. 

emergency,  739. 

foot,  749. 

Foster  back-pressure,  746. 

gate  and  globe,  736. 

Gutermuth,  623. 

Illinois  Eng.  Company's  vacuum,  723. 

Kieley  reducing,  748. 

Ludlow  angle,  gate  pattern,  738. 

non-return,  738. 

nozzle,  Curtis  turbine,  413. 

nozzle,  De  Laval  turbine,  392. 

nozzle,  theoretical,  395. 

Paul  vacuum,  725. 

reducing,  747. 

safety,  743. 

stop,  735. 

Webster  vacuum,  723. 
Van  Stone  joint,  684. 
Vegetable  oils,  750. 
Velocity  of  steam  through  nozzles.  395. 

through  pipes,  730. 
Velocity  of  water  through  nozzles,  730. 

through  pipes,  730. 
Venturi  meter,  778. 
Vertical  blow-off  connections,  145. 
Vertical  tubular  boilers,  90. 
Viscosity  of  oils,  756. 
Visible  smoke,  loss  due  to,  51. 
Volatile  matter  in  coal,  15-25. 
Volume  of  jet  condenser  chamber,  474. 
Volute  centrifugal  pump,  630. 

Wainwright  feed- water  heater,  561. 

Wall  brackets,  piping,  697. 

Wanner  optical  pyrometer,  795. 

Warren  fuel-oil  burner,  75. 

Washed  coals,  54. 

Water  and  boiler  scale,  analyses  of,  540. 
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Water  columns,  147. 

Water-cooling  systems,  517. 

Water,  flow  of,  in  pipes,  730. 

Water,  friction  coefficient  in  clean  iron 

pipes,  732. 
Water,  height  of  lift  by  suction,  604. 
Water  pistons,  595. 
Water-softening  plants,  547. 
Water,  weight  of,  for  condensing,  470, 

491. 
Waterworks,   centrifugal  pump  charac- 
teristics for,  633. 
Weber  concrete-steel  chimneys,  275. 
Webster  feed-water  heater,  556. 
Webster  heating  system,  721. 
Webster  vacuum  valve,  721. 
We-Fu-Go  purifying  system,  551. 
Weighing  fuel,  772. 
Weighing  water,  774. 
Weight  of  air  as  indicated  by  flue  gas 

analysis,  42. 
Weight  of  boiler  compound  necessary, 

546. 
Weight  of  guyed  steel  chimneys,  260. 
Weight  of  water  evaporated  per  square 

foot  of  heating  surface,  120. 
Weighton  multi-flow  surface  condenser, 

494. 
Weir  measurements,  777. 
Weiss  barometric  condenser,  478. 
Westinghouse  double-flow  turbine,  433. 
Westinghouse  impulse  turbine,  427. 
Westinghouse-Leblanc  condenser,  489. 


Westinghouse-Parsons   steam    turbines, 

429. 
Wet  air  pumps,  622. 
Wheeler   admiralty   surface   condenser, 

483. 
Wheeler  dry  tube,  485. 
Wheeler  low  head  centrifugal  jet  con- 
denser, 481. 
Wheeler,  C.  H.,  multi-flow  surface  con- 
denser, 484. 

rotrex  vacuum  pump,  623. 
White-star  oil  filter,  769. 
Wickes,  boiler,  107. 
Wilcox  water  weigher,  776. 
Wilkinson  stoker,  180. 
Williams  flue  gas  apparatus,  802. 
Williams  oil  burner,  74. 
Wilsey  relative  efficiency  meter,  797. 
Wing-wall  furnace,  163. 
Wire  drawing,  334. 
Wood  as  fuel,  25. 
Wooley  smokeless  furnace,  163. 
Worthington  barometric  condenser,  480. 

cooling  tower,  521. 

jet  condenser,  468. 

multi-stage  centrifugal  pump,  632. 

water  meter,  777. 

weight  determinator,  774. 
Wrought-iron  pipe,  676. 

Yonkere  power  house,  N.Y.C.R.,  piping 
for,  705. 

Zinc,  use  of,  in  boilers,  545 


